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1. Title of Invention 

MECHANISMS FOR CONTROL KNOBS AND OTHER INTERFACE DEVICES 

2. Claims 

(1) A knob controller device comprising: 

a knob rolatable in a rotary degree of freedom about an axis extending through said knob, 
said knob also moveable in a lateral plane approximately perpendicular to said axis; 

a mechanism providing a particular lateral direction to said movement of said knob in said 
lateral plane, said predetermined lateral direction being one of a plurality of predetermined lateral 
directions in said lateral plane allowed by said mechanism, wherein said mechanism includes a gate 
member and a plunger member, said plunger member engaging one side of said gate member; 

a rotational sensor that delects a position of said knob in said rotary degree of freedom; and 

a lateral sensor operative to detect a position of said knob in said particular lateral direction. 



(2) A knob controller device as recited in claim 1 wherein said gate member includes a plurality 
of grooves, each of said grooves corresponding with one of said predetermined lateral directions, 
wherein said plunger member engages one of said grooves. 

(3) A knob controller device as recited in claim 1 wherein one of said gate member and said 
plunger member is grounded, and the other of said gate member and said plunger member is coupled 
to said knob. 

(4) A knob controller device as recited in claim 2 wherein said gate member and said plunger 
member axe a first gate member and a first plunger member and are positioned offset from said ax.s 
extending through said knob, and wherein said mechanism further comprises a second gate member 
and a second plunger member positioned on a different side of said axis than said first gate member 
and said first plunger member. 

(5) A knob controller device as recited in claim 4 wherein said second gate member is provided 
with an approximately conical, non-grooved surface to engage said second plunger member. 
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(6) A knob controller device as reciicd in claim 1 wherein said plurality of predetermined lateral 
directions are true lateral directions in which said knob moves linearly and does not pivot. 

(7) A knob controller device as recited in claim 1 wherein said knob can be moved linearly along 
said axis of rotation, and further comprising a sensor for detecting motion of said knob along sa.d 
axis of rotation. • ' 4 

(8) A knob controller device as recited in claim 7 further comprising an actuator coupled to said 
knob and operative to output a force in said rotary degree of freedom about said axis. 

(9) A knob controller device comprising: 

a knob rotatable In a rotary degree of freedom about an axis extending through said knob, 
said knob also moveable in a lateral plane approximately perpendicular to said axis; 

a mechanism providing a particular lateral direction to said movement qf said knob in said 
lateral plane, said predetermined lateral direction being one of a plurality of predetermined lateral 
directions in said lateral plane allowed by said mechanism, wherein said mechanism includes two 
slider members engaged to slide transversely with respect to each other and allow said movement in 
said lateral plane; 

a rotational sensor that detects a position of said knob in said rotary degree of freedom; and 
a lateral sensor operative to detect a position of said knob In said particular lateral direction. 



(10) A knob controller device as recited in claim 9 wherein said two slider members include a 
plurality of keys and slots, wherein said keys engage with said slots to allow one of said sliders to 
move in a first lateral degree of freedom and the other of said sliders to move in a second lateral 
degree of freedom. 

(11) A knob controller device as recited in claim 9 wherein said mechanism includes a gate 
member and a plunger member, said plunger member engaging one side of said gate member. 

(12) A hapu'c controller device comprising: 

a user manipulandum rotatable in a rotary degree of freedom about an axis of rotation 
extending through said manipulandum. said manipulandum also moveable linearly along said axis of 
rotation; 

a rotational sensor that detects a position of said manipulandum in said rotary degree of 
freedom; 
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an actuator coupled to said manipulandum and operative to output a force in said rotary 
degrecof freedom about said axis, wherein said a— includes a shaft that is coaxial with said axts 
ol rotation, and wherein said shaft can be moved linearly along said axis of rotation to accommodate 
said linear molion of said manipuJamlum; and 

a sensor for detecting said linear motion of said manipulandum along said axis of rotation. 

(13) A haptic controller device as recited in claim 12 wherein said shaft of said actuator is 
rigidly coupled to a rotor of said actuator such that said rotor and said shaft can concurrency move 
linearly along said axis of rotation, and wherein a stator of said actuator is grounded. 

(14) A haptic controller device as recited in claim 12 wherein magnets of said stator extend to a 
lengU, greater than a long* of an armature of said rotor, such that said armature is always completely 
within a magnetic field of said magnets regardless of a position of said shaft along satd axts of 
rotation. 

(15) A haptic controller device as recited in claim 13 wherein commutator bars of said actuator 
are a greater length than necessary if said shaft did not move, such thai brushes of said actuator are m 
continuous contact with said commutator bars regardless of a position of said shaft along said a»s of 
rotation. 

(16) A haptic controller device as recited in claim 12 wherein said actuator is a DC brush-type 



rotation. 

o 

motor. 



(17) A rotary actuator allowing axial translation, the actuator comprising: 
a stator including a housing and a plurality of magnets; and 

a rotor able to rotate within said housing about an axis of rotation and operative to translate 
along said axis of rotation with respect to said stator. 

(IB) A rotary actuator as recited in claim 17 wherein said rotor Includes: 
an armature operative to rotate within said housing; and 

a shaft coaxial with said axis of rotation and coupled to said armature and rotating 
with said armature, wherein said shaft and said armature can translate along said axis of 

rotation. 

(19) A control device comprising: 



* 
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a manipu.andum .o be physically contacted and manipulated by a user, said maoipu.andum 
ab.c to be rotated about an axis of rotation and translated along said a*i.s of ro.at.on; 
a sensor for detecting said rotation of said manipulandum; and 

a gear feebly including two interred gears, wherein said gears transmit said rotation*. 
mo ,ion from said knob to said .sensor, and wherein said interlocked gears translate wHh respect to 
each other when said knob is translated. 

(20) A control device as recited in claim 19 further comprising an actuator .ha. outputs a 
relational force on said knob. 

m) A control device as recited in claim 19 wherein said rotation is used to input a variable firs. 

signa to an Oceanic device ,o manipul- • P— « «* ° f ^ 

2 in said trans.ation is used ,o inpu, a second signal .o an electronic dev.ee ,« .man . 
™.er or function of said Chronic device, and further comprising a sense, wmch can detect a, 
leas, one position of said knob In said transitory degree of freedom. 

3. Background of the Invention 

This invention relates generally .o knob conTol devices, and more particularly to centre, knob 
devices including force feedback and/or additional input functionality. 

Control knobs are used for a variety of different functions on many different .ypes of devices. 
Often rotary control knobs offer a degree of con.rol to a user tha, is no, matched in otiter forms of 
ZnZ £U such as button or switch eon.ro,, For example, many users prefer to use a roUUng 
Z ™ knob to adjust tine volume of audio output from a stereo or o.her sound output *ce 
Tib al.ows both One and coarse adjustment of volume with relative ease, e^ally compared to 
r u ,rcontro,v Both rotary and linear (slider) knobs are used on . variety of other types of device 
11 as kitchen and Cher home appliances, video editing/payback devtces. remote controls, 
iTvisTont computer interface controllers, etc. Tta. are also many .ypes of knobs .hat a.low pu.h- 
i„ or pullet funcionalily lo allow the user additional con.rol over a dev.ee. 

Some con.ro! knobs have been provided wi.b force (kinesthetic) feedback or tactile feedback 
which is collectively referred to herein as "haptic feedback, Haptic feedback devrces « ^v*e 
physical sensations to the user manipulating the knob. Typically, a motor - coup ed to the knob _tutd 
"connected to a controller such as a microprocessor. Tne microprocessor recerves knob portion 
^ Section signals from .he knob sensor and sends appropriate force feedback 
Ore motor so Una. the mo.or provides forces on the knob. In mis manner, a vane.y of programmable 
feel sensations can be output on the knob, such as detents, spring forces, or the Ike. 



» 
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One problem occurring in control knobs of the prior art is that the knobs are limited to basic 
rotury and/or push-pull motion. Thi. limits the control options of the user to a «<™ 
duc^o, How . variety of selection option, Most mechanic*, knobs have a very h™.«d fed 
,hev do no, have the ability to feel different depending on the interface context. In addrt.on, ,1 force 
feeLck is provided o„ the knob, the limited contro. functionality of the knob Hn,,us the user from 
fully taking advantage of the force feedback to provide more con.ro! over des.red functton. 
^LaJ, many of the weU-known force feedback sensations are inadequate or dealing w,, 
Lne of the section functions required from a knob, where often complex contro. over functus 
and options must be provided with limited knob motion. 



4. Summary of the Invention 

m present invention provides a knob control interface tha, allows a user to control functions 
of a device in a variety of ways. Embodiments of the knob controller inc.ude mcchantsms ailowng 
additional degrees of freedom for the knob. 

More particularly, in one embodiment a knob controller device of the present invention 
includes a knoTrotaUb.c in a rotary degree of freedom about an axis extending through .be kno* 
The knob is aiso moveable in a lateral plane approximately perpendicu.ar to Otc ax,s A mechamsm 
pTvides a particular lateral direction to the movement of the knob in .he lateral plane. The 
danism cTinclude a gate member and a p,unger member. The plunger member engage, one stde 
Tf the gate member to provide the particular latera, direction. The mechanism can also mc.ude two 
I, der members engaged to slide transversely with respect to each other and allow .he movement^ 
the lateral plane. A rotation*, sensor deteC* a position of the knob in .he ro,ary degree of freedom 
1 l uteral sensor detects a position of the knob ta the particular lateral direc,on. * 
gate member includes a plurality of grooves, each of .he grooves correspond,,* w.tf . « of* 
Predetermined latera! directions, where the plunger member engages one of the groove. In some 
emtZen., the gate and plunger tubers are positioned offset from the axis extending through 
and sJnd gate and plunger members can be positioned on a different std, , of^n, 
providing additional sttbility. In preferred embodiments, an actuator ,s coupled to «hc knob and 
outputs a force in the rotary degree of freedom about the axis. 

Another embodiment of the present invention provWcs a novel actuator, or a device including 
,„ch. A device including a user marupuhmdum, such as a knob, rotatab.c in a rotary degree of 
freedom about an axis of ro.ation and moveable linear* a,on g .he axis of rotaUo. An actuator 
Lpled to the manipulandum outputs a force in .he rotary degree of freedom ab^ut the ax* w W 
actuator includes a shaft that is coaxial with ,he a*is of rotation. The shaft of Ote ac.u^>r *c 
moved linear* along the axis of rotation to accommodate the linear motton of the mampulandum A 
Itiona. JL directs a rotary position of the manipulandum and a sensor detects the hncar rno„on 



1 
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of ,he manipu.andum a»on g .he axis of ro.a.ion. The .haft of the ac.uator can be ng.d.y co-pfcd o 
rolor of the ac.ua.or such that the rotor and shaft can concurrently move bnearly along th «,„ ol 
rotation, where a stator of the actuator is grounded. Magnets of ,hc sta.or can be extended to a 
.eneO, greater than a lengQ, of an mature of the rotor and commuta.or bars of the actuator can a.so 
be m--.de a greater length to accommodate shaft translation. 

I„ another embodiment of .he present invention, a control device includes a manipulandum, 
^ch as a knob, to be physically contacted »d manned by a user, the marupufcndutn able to be 
rotated about an axis of rotation and transited along the axis of rotation. A sensor detect the 
rotation of the manipulandum, and a gear assembly including two interred gears. The gear, 
transmit the rotational motion fxoo, the knob to the sensor, and the interlocked gears trans ate w. h 
rTpTt to each other when the knob is transUtcd. An actuator can be included ,„ the dev.ee .0 
output a rotational force on the knob. 

The present invention provides a control interface device that includes greater control 
functionality for the user, me linear and transverse degrees of ^^f^.^*^ " 
select functions, settings, modes, or options with much greater ease and vnthou havng ,ot*e hts or 
her hand off a manipulandum such as a knob. Force feedback may also be added to the 
roanipulandum to provide the user with greater control and to inform the user of opUons and 
selections through the sense of touch. Actuator and transmisston mnovat.ons allow ^e 
^uTaldu™ to be moved in the additional degrees of freedom, and provide litUe play and frrcuo, 
thus enhancing the force feedback embodiments of the present mvent.on. 

These and other advantages of the present invention will become apparent ,o those skilled in 
U,c art upon a reading of the following specification of the invention and a study of the several figures 
of the drawing. 
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5. Detailed Description of Preferred Embodiments 

FIGURE r is a perspective view of an example of a control panel 12 for an electronic device 
tne con.ro! panel induding a control knob of .he present invention. Tlte control knob is man.pu.a.ed 
bv the user to control various Actions of .he device. ,n the described cmbod.meo, the dev.ee „ a 
controller tor various automobile systems, e.g., a controller .ha, controls audio output funct.ons from 
" ak crs .hat are connected ,o .he device, environmental func.ions for the au.omob.le (a. 
Zoning, heat, etc.), mechanical functions for adjusting - moving au.omobt.e component 
Errors, set, sunroof, etc.), visual functions tha. can be used within the automobt.e (map d,sp ay 
vehicle s. a tus display, menu or Hst selection, web page display and nav.guUon, etc.), and I othe 
functions, such as a security or alarm system for .he au.omobile. For example, a 
t devic is .o P .ay sound from one or more media or signals, such a, ^ Ajpta, audto 
Ismission (DAT) tapes, compact discs (CD's) or other optical discs, or radjo o. other .gn^s 
baDS mi..cd through the air from . broadcasting sfction or wirdess network Mr. The devKC can 
include the ability .o display information from and/or influence such other systems a veh.cle. 

Alternatively, the controlled device can be a varie.y of other electronic or computer devices. 
For example, the device can be a home appliance such as a television set, a microwave oven or o her 
kitchen appliances, a washer or dryer, a home stereo componen. or system a home computer 
personal ^sUn., cel-lar phone, a set .op box for a .elevision, a vtdeo game console, a 

ZTe conl for any device, a controHer or interface device for a personal computer or console 
glcs, a home automation system (.o control such devices as Ugh*, garage door, 
1 1 a telephone, photocopier, control device for remotely-controlled devtces such as model vehicles, 
Zl a I- or L editing or playback system, e.c. The device can be physically coupled to £ 
control panel 12, or the pane, 12 can be physically remote from the device and — £n£»« 
device Lng signals transferred through wires, cables, wireless Uansnut.er/rece.ver "^J"" 
can be used in an environment such as a vehicle, home, office, laboratory, arcade, hosm.*., or other 

setting. 

Tne control panel 12 is accessible by the user .0 manipulate the functions of .he controlled 
device. Panel 12 can be mounted, for example, on the interior of a vehicle, such as on or below U,e 
aashboard. on the center console of the automobile, or in some other convenient area. Al.ermu.vely. 

12 can be the surface of the externa! housing of 0,e controlled device ttself. such as a stereo 

unit. 

A display 14 can be coupled to the controlled device and/or panel 12 to show Information to 
the user regarding U,e controlled device or system and/or other systems connected to the device. For 
Implc, options or modes 20 can be displayed ,o indicate which functions) of me devtce are 
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current selected and being adjust through ^-Uta of the km*. Such opUons can incH.dc 
"audio" "map" "telephone," powc, etc., and sc.cc.ion of one mode can lead to a 

mcou of sub-modes. Other information 22, such as .he current audio volume, audio balance radu, 
y of a radio tuner, etc, can a. S o be displayed. Furthermore, any irdormaUon related to 

1 can se.ee, by mandating .he con.ro, pane, 12. In some cmbodi.cn., a map or s.m.l 
la nica, disp.ay ca, be shown on disp.ay 14 to a,,ow the user to navigate the veh.de. In o he 

I^men^ display 14 can be a separate monitor displaying a graphic*, user tntcrfacc or other 
ra lT:— lit as controned by . host computer. Display 14 can ^i*™ 
He such as an LED disp.ay. LCD dismay, gas plasma display, CRT, or other dcv.ee In «ne 
I oimen., disp.ay 14 can include a touch-sensitive surface ,o allow a user .o "touch displayed 
Erectly on the surface of .he disp.ay 14 to select .hose images an<l an assorted sctung or 
function. 

Control knob 26 allows the user to directly manipulate functions am. settings of the device. 
Knob 26 in the described embodiment, is aporoxima.ely a cylindrical object engageab e by the user 
S lob 26 can alternatively be indented as a variety of different objeets, mcludtng corneal 
l^phenca, shapes, dials, cubical shapes, rods, etc., and may have a variety of differed textures 
on Sr surfaces, inluding bumps, line, or o.her grips, or projections or members 
1 Lumferential surface. In addition, any of variety of differen.ly-sizcd knobs can be proved for 
^p e if high-magni^e forces are output on the knob, a .arger-diameter cyhndncal knob .s often 
72 or a ust to interface with device. ,n the described embody knob 26 rotates m a stngle 
ZZ degree of freedom about an axis extending out of the knob, such as axis A, as shown by arrow 

f^r d Lunt. PorfeLdback can be provided in this ro.ary degree of freedom m ^ 
Lbodimcnts, as described «n greater dctai. be.ow. Mu.tiple knobs 26 can be prodded on pane, 12 ,n 
alternate embodiments, each knob providing different or similar control functoonahty. 

Furthermore, the control knob 26 of .be present invention allow additional control 
functionality for the use, Tnc knob 26 is preferably able to be moved by the user in , «, a. r more 
directions in a plane approximately perpendicular (orthogonal) to the a*,s A of rotation ( U^sverse 
oT'ateral" mcT.ion). This lateral motion is indicated by arrows 32. For example, the knob 26 can be 
Joveltthe four orthogonal and four diagonal directions shown, or may be moveable .n less or 
Ze dLtions in other embodiments, e.g. only two of the directions shown, etc In one 
LhTnL each lateral direction of the knob is spring loaded such that, after be.ng moved ,n a 
ZSZS^St user releases or stops exerting sufficient fore on the knob, the knob will 
1™ back to its centered res, position. In other embodiment, .he knob can be prov.ded wtthou 
I! a spring bias so that the knob 26 stays ,„ any position to which it is moved untU the user acvely 
moves it to a new position. 
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This tod motion of knob 26 can al.ow .he user .o select additional settings or funcUons oi 
,he controlled device. In some embodiment.,, .he additional control option, proved by knob 26 
Iw the nu mb cr of other buttons and other controls to be reduced, since the ft.nct.ons normally 
.signed to these buttons can be signed to the knob 26. For cxamp.c, the user can move a cursor 
7Tr other visual indicator on display 14 (e.g. pointer, se.ection bo,, arrow, or h.ghhghttng of 
selected text/image) to a desired selection on the display. 

Besides such a cursor positioning mode, the lateral motion of knob 26 can also dircc.ly 
control values or magnitudes of settings. For example, the let, motion of knob 26 can decrease a 
aTstation frequency value or adjust .he voiumc level, where the value can "-ease a, a 
prlermined rate if the user continuaUy holds the knob 26 in the left direction. T*e ngh mot.on of 
EtLb 26 can similarly increase a value, .n another example, once one of the mformauon set -gs 
V£U a sub menu can be displayed and the directions 32 of knob 26 can adjust atr temperature, 
a timer, a cursor on a displayed map, etc, 

fa another implementation, each of eight directions corresponds to a sub-menu category, and 
each lateral direction is only used for new menu selection, while knob rotation is used for selecUng 
^ons whhin the selected menu. For exampie, categories such as "audio", "map" temperature 
I Te^r phone" can be provided ,» an automobi.e context and assigned to the .atera ^recUons. 
Onee the knob is moved in one of the lateral directions, the sub-men, category .s selected and tor 
«am Pl e the knob can be rotated to move a cursor through a list, select a function and adjus a value 
T Other control schemes can also be used. In one embodiment, .he knob can travel a small 
Zl laterally from the center position in each of .he eight direcions. Other travel ^stances can 
be implemented in other embodiments- 

Different modes can also be implemented; for example, the default mode allows the user to 
control cursor 34 using .he directions 32 of the knob. Once the cursor is located a. a des,red sett.ng 
22 as Ore volume seW .he user can switch the mode to allow the «Hrect.ons 32 to con*ol *e 
Ig itself, such as adjusting the value. To switch modes, any suhable control can be used. For 
x^ple, one user can push the knob 26 to se.ee, ,he mode (described below). In other embodiments, 
*e7L can push a separate button to .oggle a mode, or some or a,, of me direcions 32 can be used 
Til* modi. For Lmple, the down direction might switch .o "volume" mode to tulow .he user 
^ ZZZc knob to adjus. volume; .He up direction can swi.ch to "adjust radio frequency" mode 
Z .he left direction can switch to "balance" mode (for adjusting the speaker stereo balance for 
audio output with rotation of knob 26). 

I„ addition, the control knob 26 are preferably able to be pushed (and/or pulled) in a degree 
of freedom along axis A (or approximately parallel to axis A) and this mo.ion is sensed by an axtal 
« sensor TO. provides .he user with additional ways to selec. functions or senrngs w,,hout 
h^ng to remove his or her grip frotn the W>. For ex.mp.e, in one preferred embod.men, the user 
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can move cursor 34 or other indicator on the display 14 using the transverse directs 32 or ro.al.on 
72 knob 26; when .he cursor has been moved ,o a desired setting or area on the dtsplay, the user 
can push the knob 26 to select the desired setting, much like a mouse button se.ee* an ,co„ ,n a 
J;!,, user interface of a compute, Or, the push or puU function en be usefu to oontro, he 
moL discussed above, since the user can simply push the knob and rotate or move the knob wble . 
It lh e pushed mode, then reiease or move back the knob to select the other^ mode Th. = n.ode 
Lusse, above can also be toggled by pushing or pul.ing the Jcnob 2 . The pus* . P 
functionality of the knob 26 can be provided with a spring return b.as, so that the knob returns .o ,.s 
Xsition after the user reuses the knob. Alternative*, the knob can be implemented to rem™ 
a, a pushed or pulled position until the user actively moves the knob to a new posit.cn. 

Tte knob 26 is preferably provided with force feedback in a, .east the rotary degree of 
freedom of the knob. One goal of the tactile knob interface described herein is to allow .he user to 
fntutve* control several interface modes with a single haptic knob. Tta, is, by ad JUS nng.the fee. of 
Tib to clear., correspond to the context of the user interface, users may more easr.y nav.gatc 
^ complex Lus and .nodes. Fo, example, some interface modes may have the tactile fee, of 
HI, while other modes may have the spring centered fee, of , jog.huttlc By provdmg tari- 
Z Imetaphors, this variab.e feedback affords a cleaner, richer user experience Tne actuator used 
• TIflbly deigned to provide maximum toroue while taking into considerahon the voltage and 
current limitations of the power electronics and amplifiers driving the actuator. 

Addition* control buttons (no, shown) or other control devices may also be provided on the 
pane. 12 to allow the user to select different functions or settings of the device, .ndudtng **, 
Tear slider knobs, hat switches, etc Such additional control may also be used .n conjunct wrth 
the control knob 26 to provide additional selection and adjustment functionary. 

One embodiment of the present invention provides any of the implementations of the haptic 
bob described herein in conjunction with voice recognition and command 
r ccognitio n /interpre,arion software/firmware can run on one or more processors of the dev ce o^ 
inteTce, as is we., known to those of skill in the art Some types of functions can be very J«V „*d 
fa control with a combination of voice and haptic-enhanced touch. For example a mod* ^ as 
Tudio mode, temperature coatrol mode, etc., can be seized with voice. Taen, however, the use, 
1 use the baptic knob to adjust a value of a function, such as a radio vo,ume, a temperature sett.ng 
I ^ embodiment acknowledges that some selections or adjustments are eas.er to make w.ti, 
vlice, while others are typically easier to make using a manual controi. In 
embodiment can optimize control over a device while diverting a user's at.ent.on from other tasks, 
such as driving, by a very small amount. 

The sensor used for the knob has two primary purposes: to provide position and direction 
information (and, in some embodiments, velocity and/or acceleration information) to a .oca, or host 
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processor in order to create realise hap.ic effects (for those effects .ha. are position based); and to 
communicate knob position information to the host computer or processor for selects and 
Ration in the host-impletnentcd environment. V* haptic effect, perform best when a htgh 
^.ution sensor is used, e.g. at least 1000 counts per fit., rotation. S.nce the knob » preferab y a 
sinuous rotational device having an infini.e range of ro.ationa. motion, an encoder rather than 
continuous turn potentiometer, is a suitable sensor due to the encoder's accuracy and lower errors 
when transitioning between maximum and minimum values. Other types of sensors can, ot course, be 
used in other embodiments, including magnetic sensors, analog potentiometers, etc. In ^ 
embodiments, a high-amplifiction transmission can be used to provide greater rcsolu.ton, such as a 
belt drive, capstan drive, etc., as described below with reference to Kg. 2. 

Many different types of force effects and sensations can be output to the user using the knob 
mechanisms described herein, such as spring forces, damping forces, banicr 
detents, attractive forces, etc. Some basic force sensations arc desenbeo ,n U.S. Paten, 5,734,373. 



Knnh My*"""" tmnlfimcnlatioiis 

Several knob mechanism embodiments are described below. It should be noted .ha. the 
embodiments described below are not the only embodiment of the present invention. For example 
some embodiments may only include the transverse motion of knob 26 and not the push and/or pul 
tonality nor the force feedback functionality. Yet other embodiments may only mclude force 
feedback with transverse knob motion, or force feedback with push and/or pul. funcuons. 

FIGURE 2 is a perspective exploded view of a firs, embodiment 50 of the mechanism of the 
control knob 26 of the present invention which can also provide haptic feedback to the user 
Embodiment 50 utflizes a belt transmission for improved torque, e.g., a 4 to 1 synchronous belt 
U—on can be achieved in one implemented embodiment. This is benefit for gcnerat.ng 
effects with stiff end-stop effects. 

The control knob 26 moves a vertical shaft or axle 53 which extends through a switch plate 
52, a .op case 54. a .op slider 56, .op clutch 58, and mid-clu.ch 60. A parallel misalignment clutch, 
fled of top clutch 58, mid-clutch 60, and a bottom dutch 62, aUows an actuato 
portion of the knob mechanism to stay fixed while the kneb 26 can be moved^ patera, * Tfc > ven^u 
Lt 53 is rigidly coupled to the switch plate 52 at one end and .he top d u^ 58 at u,e other end, 
and the shaft acts as a guide for the linear axial mo.ion of .he knob. Apertures » knob 26 are ^ated 
ta pegs extending from .he switch P «a.c 52, allowing the knob to provide torque on the pfetc 52 bu 
^Lng the knob to move axiaUy with respect to .he plate 52. The mid-clutch 60 .nc.udes s,oU> 6 
which mate with keys 63 of .op clutch 58 and allow the knob to be moved m one lateral de^ee of 
freedom (.wo directions). Similarly, the mid-clutch 60 includes two d.fferent slots 65 spaced a. 90 
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k;^k ma t, ^th kevs 67 provided on bottom clutch 62 and allow the 
dtzen-ees from the first notches which mate with Keys d/ yimviuw . J j ^ 

^b L moved in the Che, lateral ^ of fre«*m. The .atcra. of freedom proved by 

knob 26 arc "true" la.cra! dcgr.es of freedom, i.e., the Knob shdes linearly .ransverse.y and does no 
approbate ..era. motion by pivoting the knob m.a.ional.y. Such true lateral mot.on tends to fee. 
bet.er when a relatively longer travel distance in .he lateral directions is prov.ded. 

A rounded portion or plunger (no, shown) is provided a, .he end of ,he vertical shaft 
extending down from the knob 26 and engage, a gate 64 centered on .he axis of rotanon and havmg 
a number of grooves that constrain .he knob to the desired 8 lateral dtrecUons, smnlar to .he gaU nd 
iZTdescribcd below with reference to Hg. 3b. In o.her embodiments, the gate car, ,nc ude ,«s 
o a gLc, number of grooves for a different nun.be, of allowed transverse d-recuons of the knob. 
Z Iponcnts 26, 52. 56, 58, 60, and 62 are either coupled ,o c, engaged w,th at — 
of these clponen. » that when any one of these components is rotated (such a, knob 26), all these 
Iponents 2 rotated in unison. Sensors (no, shown) are also preferabiy included ,o detect mouon 
oTTknob in the lateral directions. Such lateral sensors can be any of standard sensors used for 
dllng moUon, such as op.icl sensors. Hal. effect sensors, contact swuches, suck controUcr 
™uehl etc F*r example, the lateral sensors can be contact switches posmoned near the 
onop slider^ spaced at 90 degrees; when the slider 56 is moved laterally wi.h the 
knob, one or two of the contact switches is closed in the path of the knob. 

A drive pulley 66 is connected to the bottom clutch 62 by a belt 68, and the drive pulley is 
coupled to a drive shaft of a grounded ac.ua.or 70, such as a DC mo.or, moving magnet actuator 
ZL coil, passive brake, or o.her type of ae.ua.o, The actuator 70 thus n3ta.es dnve pulley 66 or 
causes re since to rotation if actuator 70 is a brake), which rotates the bottom dutch 62 and .he 
^b 26 An encoder disc 72 can be coupled to drive pulley 66 and rotates m umson w,th the dnve 
puney 66 The encoder disc 72 includes an edge that is rotated within an encoder opncal sensor 74 
determination of the knob rotational position by a microprocessor or other ^controller by 
entg passage of marks or S «o,s on the wheel. A bot.orn case 76 can be posted ^twee^hc 
actuator 70 and the drive pulley 66, where the bottom case 76 attaches to the top case 54 to form a 
housing around most of the other components. 

The knob 26 is able to be linearly moved axiaUy with respect to the switch plate 52 e.g. the 
knob can ma.e with the switch phtte with pegs as shown. A contact switch (no, 
Wioned on the switch plate 52 to detect when the knob 26 is pushed agams, U.e pi ,c 52. The 
Z rent spring in the mechanical switch can provide a spring return force on the knob to — t 
in the «uT Position when no force from the user is provided. C*hcr types of sensors and/or 
additional springs can also be used. 

One benefit of .he mchanism 50 is .he location of .he encoder 72 and 74 relative to the knob 
26. The belt drive transmission amplifies .he knob rotation and affords a increase ,n encoder 



(33) 4$Ba 2 O O 1 - 1 0 9 5 5 8 

resolution e.g. one rotation of the knob 26 provides multiple rotations of the encoder wheel 72. 
Other types of transmissions can be used in other embodiments to amplify resoluhon and force 
output; for example, capstan cable drives, gears, friction wheels, and o-ring or timing belt drives can 

be used. 

Other advantages of the embodiment 50 include a high holding torque, very scalable 
mechanical design, a smaller/less expensive actuator due to the use of transmission amplification, and 
improved encoder resolution due to the drive transmission amplification. There are some 
disadvantages as well: the mechanism requires significant depth In a housing to house .t; there is 
friction inherent in the belt transmission; the drive transmission increases the device's complexity; and 
more joints in the moving parts resuJt in greater backlash in the device. Furthermore, th.s 
embodiment is no. as suitable for the axial-moving motor shaft invention described herc.n as other 
embodiments. 

In another alternate embodiment, one or more of the transverse or lateral motions of knob 26 
can be actuated. For example, a linear or rotary actuator can be provided to output forces .n the 
transverse degree of freedom, in one or both directions (toward .he center position and away from 
the center position of the knob). For example, one or more magnetic actuators or solenotds can be 
used to provide forces in these transverse directions. Similarly, in other embodiments, the pull and/or 
push motion of knob 26 along axis A can be actuated. For example, a jolt force can be output on the 
knob in the linear degree of freedom along axis A as the user pushes the knob. Also, the spring 
return force provided by spring member 64 can instead be output using an actuator controlled by a 
microprocessor. 

FIGURE 3a is an exploded perspective view of a second embodiment 80 of a mechanism for 
the knob 26. Mechanism 80 implements a direct drive motor for reduced friction and higher fidelity. 
This design has no transmission or clutch components, unlike the embodiment 50 of Fig. 2, and 
thereby eUmina.es the effects of both backlash and friction. However, this generally results in a lower 
to rque output and sensing resolution than the embodiment of Kg. 2. The reduced torque output ot 
this design may make the use of current control algorithms that permit short durations of higher level 
currents more suitable- 

Knob 26 that is contacted by the user is directly coupled to a knob pulley 82, which is in turn 
directly coupled to a rotating shaft 86 of an actuator 84, similar to the actuator 70 of Fig. 2. A select 
switch 88 is provided in a switch bracket 90 provided between knob p-Kcy 82 and motor 84; the 
select switch 88 is closed by the pulley 82 when the user pushes on the knob and moves it hnearly 
along the axis of rotation so that the controlled device can detect when the knob is pushed. One 
example of the select switch is described in greater detail with respect to Fig. 7. A spring cemenng 
force on the axial motion of the knob is preferably provided by the select switch 88. 
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An encoder drive bch 92 » coupled to .he knnb pulley and drives an enco dcr pulley ^dirt : 94, 
which i.s rotated between an emitter and de.ector on . grounded encode, printed circu.t board (PCB) 
Iscmbly 96. A ,op slider 98 is positioned around .he homing of actuator 84 and tnch.de. a gate , 00 

2 g down, whicn is mate, with a piungcr 102. Tlte gate 100 and plunger 102 arc desenbed w„ 
reference to Fig. 3b. Ike p.ungcr 102 is preferably spring loaded in an aperture ,„ the bottom ~se 

04 and a bottom .Hder 106 is positioned between the bo..- case 104 and the top shder 98. T^c 
Llm slider 106 and top slider 98 slide transversely with resp~, .o each other to allow the kno 26 
1 actuator 84 to together be moved in eight lateral direction* (perpendicu.ar u> the a*,s of ro^a t.o„ 
of the knob), "me engagement of slots 101 and keys 103 in the slider member, and « he bouom 
case 104 a, ow this transverse motion, where the dots and keys permit transverse mo .on. Th 
p^ lOZ and gate 100 interaction, as dcUiled below, also confine, the knob to destred .a.era, 
directions. 

The plunger 102 and gate 100 are offset from fee center axis of rotation of me mechanism 
unlike the gl and plunger of embodancr, 50 of Fig. 2. In some embodiments, .he offset nature of 
T2 comments cL introduce some rotational play of .he knob about the center of the g a . ,» 
lh embolus, it is preferred tha, a second gate (no, shown) and spring-ioaded f unger 10 be 
provided on the opposite side of the sliders 98 and 106 to the existing gate and p unger to provide 
^ability anTL play and vibration in the mechanism. In a preferred embody only one of 
Tgalel Lides groove for guiding purposes; the other gate can have a smooth, concave or cone- 
shaped underside. 

A top case 108 c*n be positioned under the knob 26 and can be coupled to the bottom case 
,04 ,o provide a housing around much of the mechanism. In a preferred embodiment, me top = ider 
98 include, rounded surfaces on projecting members 109. where the rounded surfaces contact the 
underside of top case 108 ,0 provide stability for the sliding lateral motion of the knob mechamsm. 

A main PCB assembly 110 can be used to hold circuitry and other needed electronic 
exponents for the mechanism 80. ,n addition, a ,a,eral sensor for sensing the ^^T ™ 
the eight lateral directions can take the form of a compact sttck controller 112. Conner 112 
^,udS a base that is coupled to the grounded PCB assembly 110 and a stick porfton tha, extends 
r aTecep^e in Ote JsUdcr 98. As the top slider 98 moves in the eight lateral direc*^ *e 
stick of rhe controller 112 moves in corresponding directions and a sensor wtth.n the con, o,ler 112 
^es .his motion, in other embodiments, other types of sensors can be used for lateral sensors, 
lh as optical beam sensors, contact switches or sensors. Hall effect sensors, optical encoders, etc 

Advantages of the embodiment 80 include low friction, which leads to a smooth feel of forces 
and the knob; .his is due to the actuator 84 direct.y driving the knob 26 without any dnve 
Emission, in addition, a high sensing resolution is obtained due to the be., dnve .mnsm.ss.on 
£ZZ bd. 92) una, is used with the encoder that one rota.ion of the knob to several rotattons of 
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th e encoder wheel 94. The mechanism is also simpler than the embodiment of Fig. 2 and rcou.rcs less 
p ce^ „ a housing, which is advantageous in such spacc-.hnited locations as an armrest conso.c 
„ an aU to m obi.e or oLr vehicle. Furthermore. the embodiment 80 may be directly used with he 
giving shaft mo,or invent described with reference to Kg. 6. Disadvantages mcludc less 
.Tig -cue, and the device may retire more sophisticated (and therefore expense) clctron.c, 
to monitor motor temperature. 

FIGURE 3b illustrate, the gate 100 and plunger 102 of the embodiment of Rg 3a. Gate 100 
deludes a concave underside and a number of graves 120 bored in the underside and onented ,„ a 
^ sliol from the center of the underside of the gat, 1* gate 100 is oriented such that a Up 
S of the plunger 102 is contacted with the grooves, i.e., pressed within one of the grooves or the 
Lnter cup 122 between the groove, IT, grooves 120 are provided in the direction, des.red for 
M travel of the knob 26. Thus, if eight directions are desired, eight different grooves ,„ the 
directions are provided. TUc plunger 102 is prefcrabiy spring-loaded .so as to P rov,dc g~d 
ctL, between plunger 102 and gate grooves 120 at all times and to better cnabie the gu,ding 
function of the gale. 

in operation the gate 100 moves with .he knob 26 and actuator 84 when the user moves the 

lS forces the gate 100 to be moved so that the plunger 102 remains in one of the e lfi h. grooves 120. 
12U. forces inc directions, which in turn forces 

Thus, the gate is allowed to moved only in one ot tne eigni o» 
the knob 26 to be moved in one of those eight lateral directions. 

A„ alternate embodiment 130 of embodiment 80 is shown in FIGURE 3c, which provides a 
different sensing mechanism for the knob mechanism. Similar to the embod,ment 80. One knob 26 is 
Zly coupled to the drive shaft of an actuator 132. A top slider 134 and bottom shder 136 are 
pTvtL to aUow the lateral motion of the knob in eight directions, where apertures 138 m the sbders 
!w the sliders to slide with respect to posts 139 extending through the apertures. A ^ball button 
^grounded in post 141 and extends upwardly to engage with a gate in the bottom ^of shder 1 6 

imuL to the gate and plunger shown in Figs. 3a and 3b. to constrain the moLon of the knob to the 
d^ Ln, dlrectiol Since the gate and plunger are offset from the central axis of roUtUon 
Liar to the embodiment of Fig. 3a, a second plunger and (preferably non-grooved) gate can be 
provided a. the opposite side of the mechanism to provide stability and a t.ghter rootton. 

An encoder disc 142 is mounted to the bottom of the actuator drive shaft. The encoder disc 
apertures or marks are vertica.ly (axia.iy) oriented to allow ™ ° f ^ ^ ^ 

o{ ,he encoder disc with respect to a sensor such as an cmitter/detector (not shown), ^ - «^ 
linear positions of the knob. For example, a thin band of marks or apertures can be prov ded, with an 
em Zl detector for detecting pa^ge of the apertures or marks. Thus, this embodiment can be 

Iblc tor those embodiments providing axia, knob trave. in which the sensor (and the actuator, ,n 
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« rae embodiments) move, with the knob axia.ly. In other embodiments, instead of apertures or 
m l on a thin band, , transparent, ridged material can be used in the sense, where the detector 
detects changes in .he emitted beam from passage of the ridges. For example, Kama of San 
Francisco. CA provides an optica, sensor having approximately sawtooth-shaped ndges that function 
similarly ,o marks or apertures, but which allow - circular band to be more easily formed, and which 
can be suitable for the present invention. Since no drive transmission is used, the sensmg rcso lut.on 
of the embodiment 130 is generally smaner than the embodiment 60. A top case 144 ,s courted to a 
bottom case 146 to provide n housing around the mechanism. 

FIGURE 4a is a perspective view showing one example of the assembled haptic knob 
mechanism 50 of Fig. 2 and it volume constraints. The haptic knob can be used 
w the front section of a center armrest of an automobile, or on a central console. The embod.men, 
50 shown in Fig. 2 provides sufficient torque, but because of the belt drive transnuss.on. u larger «, 
size than the embodiment 80. Embodiment 50 can utilize me original volume below and behtnd the 
knob for the actuator, as shown in Fig. 4a. 

FIGURE 4b is a perspective view showing another example of the assembled housing which 
can bc used for the embodiment 80 of Fig. 3a or the embodiment 130 of Fig. 3c. Embodiment 80 or 
130 requires siightly more lateral volume than the embodiment 50, bu, only a shorter assemb y ,s 
led as it doc* no, implement a transmission, as shown in FIGURE 4b. Of course tn other 
embodiments in which the knob is controlling other devices in other context such volume 
constraints may not be present, or different constraints may exist. 

AtriaLKnnb lyinvment 

Implementation of the axial translation of the knob or other manipulandum can take different 
forms One aspect of the present invention includes a motor (or other type of actuator) having a 
shaft tha, may bTmoved along the axis of rotation of the motor shaft. This design greatly a.ds ,n the 
.actile knob of the present invention since it allows the knob to translate along the axts of rotahon 
without the use of any couplings. Typically, if such knob movement were desired an expense axtal 
Ipling device, such as a beBows, a helical flexible coupling, or a spline* shaft of a sphned 

cavhy was provided between Ute moving knob and the motor shaft, such as ,n the embodiment of fig. 
8 deL^Telow. This allowed the knob to move axial.y with respect to the motor shaft yet sti I 
allowed the motor to exert rotational force on the knob. However, the coupling is expense and 
may introduce backlash or compliance into the system, decreasing the realism of « 
the use. Alternatively, previous systems could move the entire motor along Ae axis of rotaUon of 
the knob; this is often inefficient, however, since the motor is typically heavy and bulky (espectally a 
staler portion including permanent magnets). 
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An example of a motor 200 of .he prior art fa shown in Ac side cross-sectional view of 
FIGURE 5. A common DC brush-type motor is shown, having stationary portions (.war) wnh 
^pec. to .he motor housing and a rotating portion (rotor). A housing 202 of the motor ,s typ.colly 
cy , Ldrica. and provides a support for .be sta.or of the motor and also funcUons as a magne ,c flux 
7ui e Housing 202 includes two magnets 204 coup.ed to the inside of the ho^ng w ,ch are 
I clny provided on opposing sides of the in.erior of the housing. Magnets 204 typ.cal.y have 
opC magnetic po.es to con other facing inward toward the center of the housmg (e .g a nor* 
.Tn ot one rnagnTt faces inward, and a south face S of the other magne, fa-s inward> Shaft 206 
of the rotor is rotatably coup.ed to housing 202 so that the rotor may rotate about axis A. For 
Impie bushings 208 such as baH bearings, can ho.d the shaft 206. The rotor also mc.udcs an 
having a number of teeth 210 having supports, about which are wrapped a conduenve w.re 
or coil (not shown). 

in a brush-type motor, the shaft 206 is coupled to a number of commutator bars 212 
positioned cyundrically about the shaft 206. and to which the coils are connected Brush uni* 214 
Z conductive* coupled to the commutator bars; for example, brushes 216 c an be spnng ; loaded 
TlTs. the commutator bars by helica! or leaf springs 218. Current is supp.ied to a brush 216, wh,ch 
rducle current to a commutator bar, through the coil, and out through the other commutator 
bar 212 and brush 216. 

As is we,, known to those skilled in the art, permanent magnets 204 cre^e a static ^magnetic 
field which interacts with a variable magnetic fie,d produced by electric current flowing through the 
™"of the rotor. The magnetic fie.ds are directed through the stator and rotor common y u ng 
2 on Ictures, such as iron. The rotor rotates about axis A within housing 202 ,n a tocttoo 
by the direction of the current through the coils. Tne shaft 206 is fixed m the degree of 
freedom along the axis A and is not allowed to translate. 

FIGURE 6 is a side cross-sectional vie*, of an example of the motor 230 of the present 
» . F] -„ 5 ' D c brush-type motor is shown, although other types of motors or 
iZZc^o b? P ro ^h the 2L- of the present invenUo, .nstcad of proving an 
axial coupling device between Vcnob and motor, the axial compliance is built .nto .he motor 230. 

Uke the motor of Hg- 5, motor 230 includes a stator mat includes bousing 232 and magnets 
234 A rotor is positioned in the housing held by bushings 238 and includes shaft 236 and armature 
So Mature 240 include, teeth 242 and a coil, as described above. Teeth 242 may be posted 
parallel to the sides of the housing 232, or may be skewed in a hcUcal arrangement to reduce a 
Effect *at is caused by the magnetic fields and transmitted to the user when the rotor rs 
,3 Such skewed rotor implementations are described in U.S. Paten, No. 6,050,718. 
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Motor 230 also includes commutator bars 244 coupled to the rotor and brush ur.ts 246 
coupled to the stator, the brush units including brushes 248 and spring dements 250, whtch can be 
leaf springs, helical springs, flexures, or other types of compliant elements. 

The entire rotor is able to be .related aiong the axis B of rotation in the present invention 
lowing the shaft 236 to move along the axis B and providing the necessary movement to the knob 
£2 user notable object) that is coup.cd to the shaft. To.aecommodate thts motto, some 
of the components of the actuator have been modified. The clearance between .he — bars 
2 *6 and the rear bushings 238b has been increased to accommodate the motton of 

he I in some embodiments (depending on the amount of axia, transition), the commutator bars 
244 shou.d be extended to guarantee continuous contact between the ^ 
editor bars 244 a, al, positions of the rotor, .f large brushes are used, the brushes 248 can be 
ITened along the axis B to (or additional*) accommodate the ax,al mot.on of the 



jotor. 



The magnets 234 also can be extended as shown in Kg. 6, e.g. extended toward .he brush 
w its id example shown, so Una, the armature is within the magnetic field of the magnets 234 ^t al, 
ZlZsin the Lge of axial motion of the rotor. If a portion of the armature were allowed o 
^d uTfrom the magnets 234, a .oss in toruue or efficiency of torque output may rcsul. 
Brings 23* are preferably a high auaH.y type of bearing, such as bronze mamtatn 
quality over a long period of time despite wear from the axial translate of the shaft 236. 

If a knob is coupled directly to the shaft 236, the axial motion of the rotor allows the knob to 
be sensed in a linear degree of freedom parallel ,0 axis B of the motor. Furthermore, torque can be 
toTIn he knob dircSly by rotating the shaft 236, providing compelling t ,cti>c sensat.ons to the 
uTw, out " of a coolant coupling. In addition, the changes to an off-the-shelf motor 
r"X the present invention are simp.e and inexpensive, allowing motors of the present 
invention to be easily manufactured. 

AUcmate embodiments can provide other implementations for allowing the shaft 236 to move 
anally with respect to the other portion, of the motor 230. For example, the shaft 236 can be ax,aUy 
71 t^thCect «o both the rotor and the stator of the motor, which remain — ry wnh 
ground oTa reference surface. ,n such an embodiment, the snaf, "J 
^ a Z - is provided in the enter of the armature 240. To allow ^haft 23Mo^ 
by the armature, a keyed feature or other engaging mechamsm can be used For example a 
cylindrical shaf, and aperture can provide a key in one that engages a s.ot ,n the other porUon. Or a 
he agonal or other multi-sided cross section of the shaft can engage a «^>«l apcrtur. 
HowLr, such solutions cy no, be as desirable in low-cost devices as the embodiment shown m F g. 
6 since tncy may require signlfican, alteration to designs of existing motors. A spring re um force on 
I Ift 236 preferably biases the shaf, to the extended position. This spnng return force can be 
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cither interna, and/ox externa.. For example, .here is an inhere, return force provided on the rotor 
111 the magnets due ,o the magnetic properties. Externa, components such as spnngs can be 
used as well. 

FIGURE 7 is a side cross sectional view of a device 260 inching the rooter 230 and a knob 
26 coupled to the motor. For example, the embodiment 80 of Fig. 3a can be used with the actuator 
« Te le embodiment 50 of Fig. 2. Tr,e axiaHy-rnoving output shaft 236 of the 
c^urTd to the knob 26 S o that ,hc knob 26 is rotated when the shaft 236 ,s rotated. The knob 26 
I;;, o b anT^ted a,n g axis B; in the embodiment shown, the knob may be moved dotard a 
Z distance of 1.5 mm from the topmost position shown. in other embodiments, Cher dances 
can he provided. 

Tne device 260 also preferably includes one or more sensors for detecting ■ 
position of the knob 26 in its linear axis. In the example of Fig. 7. the sensor ,s a swttch 262 whid ,5 
S u-ed »« the ophite end of the motor 230 to the knob 26. The switch ,s a contact sw, ch *a, 

when the sh^36 presses down on the switch, which is caused by the user pressmg the knob 
ZZZZ requisite disuLe. Tne -itch is coup.cd to a microprocessor or other confer which 
I^can dctcTwhen the user is pressing the knob to make a selection or othe^se 
oZZn of the controlled device. The switch 262 can also be implemented as other types of sensors 
ilher embodiment, such as an optical sensor, a magnetic sensor, a pressure sensor, or 
olher type of seosor or switch. 

,„ other embodiments, the switch can he positioned in other logons of the *™™J™ 
example a switch 264, which is simi.ar to the switch 262, can be positioned „„ the top 
ToZg of ^ motor 230 and underneath the knob 26. When the knob 26 is pushed down by the 
U LT he I L surface 266 of the knob contacts the switch 264 to Cose the swtte^ MuKtpfc 
ZZL 262 and 264 can also be used; for example, two switches 264 can be postUoned on op 
ZZ of the motor 230. In other embodiment, a switch can be position^ m other logons, sue, 
as switch 265. 

in some embodiments, the position of the knob (or shaft) in the axia! direction can be sensed 
using altinuous-range or analog sensor, and the linear axial position can used by a mtcro^ocessor 
7 1 controller} to provide proportional control over a value, computer generated object, or 
::"nZ Li—* - movement paml.e, to ax* B « be aeuuted 

Z R for example, a friction*, ro.ler actuator or linear actuator, allowing different force sensaUons U, 
r^tTI linear degree of freedom, such as springs, damping, inertia, detent, textures, 
vibrations, jolts or pulses, etc. 

AUhough the embodiments disclosed herein are in reference to rotary knob, other rotating 
user manipulate objects can be coup.cd to the translating actuator shaft of the present uwent.on. 



(40) ffl2 0 0 1 - 1 0 9 5 5 8 

Por cample, a joystick. steering wheel, poo. cue. medical ins-men, or other grip can be provided 

instead of a knob. 

,n other embodiment, a sensor can be provided .o S e„se a range of positions of the knob 2* 
or . co luous motion of the knob 26 linearly along axis B. For example, a Hall — ; be 
provided on the knob or an attached member which measures the posUton of the .shaft 236 rda nv o 
flundcd magnet. Or. an op.icaJ sensor (such as a photodiode) or other type of sensor can detect 

aJl can proportionately control a cursor position or function or sctung of the controlled device. 
~ZZH -h movement can control the volume of audio output of the dev.ee. mouon of a 
cursor across a display, or the brightness of lights inside a veh.cle. 

A spring member can also be coupled between the lenob and a grounded surface to provide a 
restoring to the knob and to bias the knob to an origin position when the user removes 

sufficient pressure from the knob. 

, f a Hiffrrpnt embodiment 270 of a mechanism for the knob 

!225 « the front panel of an e.ectronic device or computer device as described above- The 
c Tp^flbly be Zu* -ut an axis Z by the user to provide input to the electron, devc, 
7«Z L. knob 26 can be Cher control, such as a dial or other types of gnps. as » the 

embodiments described above. 

Knob 26 h rigidly coupled to a first shaft 274. which has a gear 276 rigidly coupled to the 
S haft 27^ , a portion^ the Lf. between its two ends. Alternatively, gear 276 can be ^Uy 
lp led to or blotted around the knob 26. Thus when the user rotates * 
coup , t tt>A -n,, , haft 974 extends from the other side of the gear 276 and is 

zzzzzrszzzz* - — ~ *~ - ^ 

coupled to a second shaft 278 at the other end of the spnng. 

Spring 280 allows the shaft 274 to be moved toward or away from the shaft 278 (when the 
spring "CCcompressed or extended, thus al.owing the knob 26. *. shall 274. and the gear 
Z to * transfcL along the Z-axi, H» spring force provided by Ote spring causes a spnng « 
Ts onl knob 26 when the knob 26 is moved along the Z-axis away from a neutral « V 

Jol Preferably a guide (not shown) Is provided near the knob 26 (such as a. the shaft 274 ngh. 
position. Preferably, a guia . , v oen)endicu)ar lo « h c axis Z allowed by the spring 

behind the knob) to prevent any motion of Ihc knob perpenmcuidi u r. iia 

^ sl a guided be an aperture in a front panel of a devic through whKhJhe shaft 274 
!i;tre*Lp., Physical stops can also be provided in the linear degree of freedom of the knob 
to limit the knob to a desired range of translation^ motion. 
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Spring 280 also allows rotational motion to be transmitted between shaft 278 and shaft 274 
(and thus the lutob 26 and gea, 276). Spring 3H0 is preferably rigid in a circumferential direchon and 
do* BOt allow torsion flex, so .hat rotation of shaft 278 by actuator 282 (discussed below) ,s 
transmitted as faithfully as possib.e to shaft 274 and knob 26 without excessive play or compl.ance. 
Helical or other types of springs, or other couplings that allow translation and can rotatton, 
such as a beUows, a helical flexible coupling, or a sp.ined shaft inside of a splined ^y, can be -d 
for spring 280. In still other embodiments, no spring 280 or other couphng .s prov.dcd, and shat, 
278 is instead able to be moved axiaHy with respect to the motor to allow knob ax,al mo„on, as u, the 
embodiment 230 shown above in Fig. 6. In alternate embodiments, the motion along ax.s Z can be 
actuated by using an actuator to output forces in the linear degree of freedom such as a Imear 
actuator or a rotary actuator whose rotary outpu, is translated to a linear directum. Such an actuator 
can be a motor, voice coil actuator, passive brake, etc. 

to other embodiments, other couplings between shaft 274 and shaft 278 allowing Ridable 
movement can be used, yet allowing rotational motion .o be transmitted from shaft 278 to shaft 274 
Z „ we,, known in the mechanical arts, in some embodiments, the gear 276 itse.f can be a« 
,cngth (parallel to the Z axis) to ac, as a coupling and allow the shaft 278 to move a destred drstance 
, d aUvc7the gear 276 and shaft 274. TTte interior of the coupling, such as the centra! gear openmg, 
can include gear teeth or other structure to mate with teeth on shaft 278 ,0 al.ow ^anslaUonal mot.on 
while still transmitting rotational motion. 

Shaft 278 is rigidly coupled to a grounded actuator 282, which Is operative , to output a 
rotational force on the shaft 278 and thus a rotationa, force on the knob 26. Actuator 282 proves 
forces that are computer-modulated ba.ed on control signals from a computer dcv.ee .ncluchng a 
microprocessor o, Cher controller. Actuator 282 can be an active actuator, such as a « 
voice coil actuator, or other type of motor; or the actuator can be a pass,- actuator such as a b ake 
or passive fluid actuate, A variety of force sensations can be output to the knob, as descrrbed below. 

An encoder gear 290 is rotatably coupled to a grounded surface and is positioned next to me 
gear 276. Encoder gear 290 includes gear teeth which are engaged with the teem of gear 276 sothat 
Ltiona. motion of g e*r 276 causes rotation of encoder gear 290 about an axis A. b> ^rne 
embodiments, other transmission devices can be used to transmit rotabon from the shaft 274 to the 
rl S- for example, a factional drive system can be used, most preferably if i. allows translate of 
me two elements held in friction; thus, a hard rubber or similar material can be used Alternately a 
belt drive transmission can be used, where a small pulley m place of encoder gear 290 * positmned a 
snor, distance from the large pulley in place of gear 276 and a be., is looped between the pulleys. An 
O-ring type bcl, can be used so mat the translation of the large pulley with respect to the smal. pulley 
will not upset the functioning of the belt drive. 
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An encoder shaft 292 is rigid.y coupled ,o ground and to .he encoder gear 290 and extend, 
„ h i encoder gear. A senso, 293 is coupled to .he encoder gear to dete.. the rotat.ona. 

r e g cle, by the user and.or the actuator 282). The sensor 293 provide, one or ™^ £ 
l ^erocontroller indicating the relative motion of the gear 290 and thus the knob 26. Sensor 293 
a code whee, 294 that is rigid.y coupled to the shaft 292 and rotates in cordon w.* . «he 

90 293 also includes a grounded emitter/detector assembly 296 that is pos.uoned so 

fhaT of the wheel 294 rotates between a, least one emitter and a, least one detec or « , he 

K. L The wheel includes slots or markings which can be detected as they rotate past the 

ZZ^U two or more detectors are provided in assembly 296 to enable ouadrature or s.mdar 
^Iwing the direction of motion to be sense,. Omer types of sense, that «n sense the 
Lion of a whef. or shaft can alternatively be used, S uch as an analog potentate, 

When the knob 26 is translated, the gear 276 and the encoder gear 290 arc transited with 
reso ec« r^^h other eg. in the described embodiment the gear 276 is moved or sltd wt.h respect to 

measure the rotation of the knob 26. 

ftefcrably the user can push the knob 26 toward the actuator 282 to activate a sensor and 
Preferably, h w fca jn the desc ribed embodiment, an clcctncal 

"TJ^ZZ^^^ ihepath of the knob 26 or gear 276. For -ample, the 
contact 297 is co P gr contro !li„g microcontroller or other ctrcuitry. 

to the electronic device or otherwise provide input to the electronic device. 

In other embodiments, other types of sensors can be used to detect a particular position of the 
t™H inleTnear degree of freedom along axis Z, or to sense continuous linear mouon along axts Z. 
ST. ZZ Topla! sensor can use a detector strip paraUcl to the travel of the knob ,0 detec, a 
po'sition of a point or a^a on the knob (or the gear or shaft 274) tha, em:, or reflect a 
beam detected by the detector strip. 

FIGURE 9 is a block diagram illustrating an electromechamcal system 300 suitable for use 
ith the device control^ by a knob of the present invention. A haptic feedback system mdnd.ng 
many of ulTtetow components is described in detail in Patent number ,,734,373. wh.ch are both 
incorporated by reference herein in their entirety. 
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,„ one cmbodim.nl, .he controlled device includes an electronic portion having . Ioc.1 
microprocessor 302, .oca. clock 304, .oca, memory 306, sensor interface 308, and ac.ua.or m.crfacc 



310. 



Local microprocessor 302 is considered -local" .o «hc device, where "local" herein refers .„ 
processor 302 being a separate microprocessor from any other microprocessors such as in a 
^□Z. host computer (see bclow). and refers to processor 302 being dedicated to 
^d/or sensor I/O for the tovob 26. In force feedback embodiments, the rn.croprocc.sso 302 r^ 
ZZ signals and can calculate appropriate forces from those sensor signal, »me s,gnals. and force 
r^Lelected in accordance with a host command, and output appropriate contn. ^ tbe 
Later Suitable microprocessor, for use as local microprocessor 302 mc.ude the 8X930AX by 
^T he MC68HC7UE9 by Motorola and the PIC16C74 by Microclup for example. 
Stprlsso, 302 can include one microprocessor chip, or multiple processors and/or 

Z can include digital signal processor (DSP) functionality. Also, separate controUcrs can be 
S£ wtiTare dediLd to calculating ve.ocity, acceleration, and/or otber force-re ated data. 
M^IZ fixed digital fcgic and/or state machines can be used to provide similar funConah.y. 

A local clock 304 can be coupled to the microprocessor 302 to provide timing data, ^fo r 
example to co mpul e fores to be output by actuator 316. U,cal memory 306, such as RAM an*or 
ROM is preferably coupled to microprocessor 302 to su,re instructions for n^oc^or 302 
TemSr^ ata. rLp.a 14 can be coupled to local microprocessor 302 in »me embo^ments. 
ZLXly, a different microprocessor or other control can con.ro, output to the d.p.ay 14. 

Sensor interface 308 may optionally be included in to convert sensor signals to signals that 
«,„ be interpreted by the microprocessor 302. For example, sensor interface 308 can rccc.ve s.gnals 
Tom a sensor such as an encoder and convert the signals into a digital binary number^ 

I»Tog to digital converter (ADC) can also be used Alternately, microprocessor 302 c» perform 
TLlnLaol functions- Actuator interface 310 can be optionally connected between the actuator 
and rn^rocessor 302 to convert signals from microprocessor 302 into signals appropriate to dnve 
Z .ZZL. Actuator interface 310 can include power amplifiers, switches, d^tal to analog 
ZZs fDACs) and other components. In alternate embodiments actuator mterface 310 

pZldllectrical power or power can be supplied to the actuator 316 and any other components by 
an interface bus. 

The mechanical portion of the system can include some or a., of the components needed for 
rotational motion of knob 26, traverse motion of Knob 26, the push andA* pull 
and haptic feedback in any or all of these degrees of freedom of the knob, as desenbed above. 
SensS 3!4 sense the position, motion, and,or other characteristic of knob 26 along one or more 
of freedom Xovidc signals to microproces*>r 302 including information representative 



m 
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of ,hosc characterises. Typically, a sensor 314 is provided for each degree of freedom along which 
k„„b 26 can be moved, or, a single compound sensor can be used for multiple degrees of freedom 
Example* of suitable sensors include opticalencodcrs, analog sensors such as potenhome.ers, Hal 
.fTec. magnetic sensors, optical sensors such as a lateral effect photo diodes, tachometers, and 
accelerometers. Either absolute or relative sensors may be used. 

,„ those embodiments including force feedback, actuals) 316 transmits forces to knob 26 
in one or more directions in a rotary degree of freedom in response to signals output by 
microprocessor 302 or other electronic logic or device, i.e.. it is "elccttonically-controUed. The 
actuator 316 produces electronically modulated forces which means that microprocessor 302 or other 
electron* device controls Ihe application of the forces. Typically, one or more actuators 316 » 
provided for each knob 26 that includes force feedback functionality. In some cmbodtmems, 
additional actuators can also be provided for the other degrees of freedom of knob 26 such as the 
transverse motion of the knob 26 and/or d» push or pull motion of the knob. Actuator 316 can be an 
active actuator, such as a DC motor, linear current control motor, stepper motor, 
pneumatic/hydraulic active actuator, a torquer (motor with limited angular range), voice eo d actuator, 
etc Passive actuators can also be used, including magnetic particle brakes, fncuon brakes, or 
pneumatic/hydraulic passive actuators, and generate a damping resistance or friction in a degree of 
motion. 

Mechanism 318 * used to translate motion of knob 26 to a form that can be read by sensors 
314 and, in those embodiments including force feedback, to transmit forces from actuator 316 to 
knob 26. Examples of mechanism 318 are shown above. Also, a drive mechanism such as a belt 
drive, gear drive, or capstan drive mechanism can be used ,o provide mechanical advantage to the 
forces output by actuator 316. 

Other input devices 320 can be included to send input signals to microprocessor 302. Such 
input devices can include buttons or other controls used to supplement the input from the panel to the 
controlled device. Also, dials, switches, voice recognition hardware (e.g. a microphone wuh 
software implemented by microprocessor 302), or other input mechanisms can also be mcluded to 
provided input to microprocessor 302 or to the actuator 316. A deadman switch 322 can be mcluded 
Z some embodiments on or near .he knob to cause forces to cease outpu.ting when the user u not 
contacting Ac knob as desired to prevent the knob from spinning on its own when the user ,s not 
touching U. 

Other microprocessor 324 can be included in some embodiments to communicate with local 
microprocessor 302. Microprocessors 302 and 324 are preferably coupled together by a bi- 
directional bus 326. Additional electronic components may also be included for communing v,a 
standard protocols on bus 326. These components can be included in the device or another 
connected device. Bus 326 can be any of a variety of different communication busses; for example, a 
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bi-directional scria. or parallel bus, a wireless link, a network architecture (such as CANbus), or a 
uni-directional bus can be used. 

Other microprocessor 324 can be a separate microprocessor. in a different device or system 
Cat coordinates operations or functions with the controlled device. For exam pie o. er 
microprocessor 324 can be provided in a separate control subsystem in , vch.cle or house, where the 
other Microprocessor controls .he temperature system in the car or house or the pos.t.n of 
mechanical components (car mirrors, sea,, garage door, etc.). or a centra, display 
dismays information from various system, Or. the other microprocessor 324 can be a centred 
controller for many systems including the controlled device. TT* two m.croprocessors 302 and 324 
car, exchange information as needed to facilitate control of various systems, output event 
notifications to the use, etc. For example, if other microprocessor 324 has de.errnmed ha, the 
vehicle is overheating, the other microprocessor 324 can commumcate th,s mformauon to the local 
microprocessor 302, which then can output a particular indicator on display 14 to warn the user Or, 
if the knob 26 is allowed different modes of control, the other microprocessor 324 can comrol a 
different mode. Thus, if .he knob 26 is able to control both audio stereo output as well as perform 
temperature control, the local microprocessor 302 can handle a U dio functions bu, can pass aU knob 
5 Jor data to other microprocessor 324 to control temperature system adjustments when .he dcv.ee 
is in temperature control mode. 

in other embodiments, other microprocessor 224 can be a host microprocessor, for example, 
that commands the local microprocessor 202 to output force sensations by sending host commands to 
tbe local microprocessor. The host microprocessor can be a single processor or be provtded m a 
computer such as a personal computer, workstation, video game console, portable computer or o^r 
computing or display device, set top box, "network-computer", etc. Besides mtexoprocessor 224 
wc bos, computer can include random access memory (RAM), read only memory ■ (ROM* 
input/output (I/O) circuitry, and other components of computers weU-known to those skilled In the 
art Tne host processor can implement a host application program with winch a user m.cracts us.ng 
knob 26 and/or other controls and peripherals. Tnc host application program can be responsive to 
signals from knob 26 such as the transverse motion of the knob, the push or pull moUon, and the 
JL„ of the knob (eg., the knob 26 can be provided on a game controller or interface dev.ee sue 
as a game pad, joystick, steering wheel, or mouse that is connected to the host computer). In force 
feedback embodiments, the host application program can output force feedback commands 
local microprocessor 202 and to the knob 26. In a host processor embodiment or other stmflar 
embodiment, microprocessor 202 car. be provided with software instructions to wan for commands 
Tre^estslm Ote host processor, parse/decode the command or renuest. and handle/control ,n P u, 
and output signals according to the command or request. 

For example, to one force feedback embodiment, host microprocessor 324 can provide low- 
fcvel force commands over bus 326. which microprocessor 302 directly transmits to the actuators. In 
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input/output functions to Ihc knob 26. 

* j . Km1 in tcrras of several preferred embodiments, there arc 

™»* «**7*" " TJch fali wi,hL the scope of this invention, h 
Orations, — ^ ibed ^ _ bc combined in vari ous ways ic a 

should also bc no.cd that " terminology has been used for the purposes of 

p^lar imp.™— ,^ before intended that the lowing 

and scope of the present invention. 



6. Brief Description of Drawings 

FIGURE 1 isapcr^tivevicwofoneemb^ 
of the present invention; 

FIGURE 2 is a perspective view of one embodiment of a mechanism for Renting ,he 
control knob device of the present invention; 

FIGURE 3a is . perspective view of a second embodiment of a mechanism for 
implementing the control knob device of the present invents; 

FIGURE 3b is a perspective vie- of a gate and plunger mechanism that can be used in the 
inventive embodiments of the control knob; 

FIGURE 3c is a perspecuve view of a third embodiment of a mechanism tor implementing 
ihc control knob device of the present invention; 
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FIGURES 4a and 4b arc perspective views of the control knob devices in a housing; 

FIGURE 5 is a side cross-sectional view of a prior art motor and interior components; 

FIGURE fi is a side cross-sectional view of a motor of the present invention allowing the 
shaft of the motor to translate axially; 

FIGURE 7 is a side cross sectional view of the motor of Figure 6 and a knob and switch 
lo detect the axial motion of the knob; 

FIGURE 8 is a perspective view of a knob control device providing a gear transmission 
that allows the knob to translate axially; and 

FIGURE 9 is a block diagram of a control system for the control device of the present 
invention. 
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1. Abstract 

Mechanisms for u control knob or other interface device providing additional degrees of 
freedom for the knob. One embodiment provides a rotatable knob moveable also in a lateral plane 
approximately perpendicular to the axis of rotation. A mechanism providing the lateral motion can 
include a gale member and a plunger member that engages grooves in the gale member. A rotational 
sensor delects a rotational position and a lateral sensor can detect a lateral position of the knob. 
Another embodiment provides an actuator that includes a shaft that is coaxial with the axis of 
rotation and which can be moved linearly along the axis of rotation with respect to actuator housing 
to accommodate linear motion of the knob. In another embodiment, a gear assembly including two 
interlocked gears is provided to transmit rotational motion from the knob to the sensor, and the 
interlocked gears translate with respect to each other when the knob is translated along the rotational 
axis. 

2. Representative Drawing 

FIG. 1 
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ir. <^^tit-^)C0^>r-hV\^^lc^-r^-b>-i2- 

*5»y»5l=l*3F+»i?fc-6, f CTIi, Lli'Ll*. « 
[0 0 0 5] 

>^-7i-x^tift«o y ^*if»sa(oi8ife«i*. 

[0006] cfcystti^ii. -o<osiJ6«icfcL^r. * 

x. mii$&&\zfci\x. mnvjt&us y^^/uxi^ 
-6c ccoy^i*. tftic»LTiaiSSil&«¥®i=fcL^r 
jj-oirnxfoz* a«i*. fit¥@ic^(t^>y ^cDttj^iz. 
4#»J<ott*ifiia)»*$tSffi-rS4*(0-efc-5o ca)«ffi 

^^>o ^7>v^-gP5D v i*. **sij&«*ifi]*}s«r-sfc 

IHirx^-l' K^ffilca»aF4xfc-oa>»KifflS^A/-efc 

y. c<o«ai*. «¥®ic*5ita»££pifiEi:i-r 
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stnfct c^i^iig^tu^o fit, %-<»f— vt~J 

y :?<tffl*>#;b1*£*U * LT*i!iJi L Jt?fl)[el*Eeafil= 

[0007] *«B^axte<oseifeffli*. m^mrn^m. 

0$E$at::o^Tia$Eg&J£X0fE^F&T% HEttl-itf o 
$&liy XGD[e]$Eed3J£l^£U x T. 2)£fcil;tif £o 

»H)Si*£jtx£, lU&feVIJ— 1±. gftflWIsllStta* 

»**ttiai*r^o K»3£a<Dv*? H*. ©Ie^v-v 
7 hA<lsiea)*lii=?G-3Te«fl*ii=PIWFi=»< ±£**"e* 

So 

[0O08] **^Oftefl)StJ6#JI=*5L x Tli, '*IWfiiE 

iaK«i[=»oT»»Lfcy. ige«i<BHy-e 

iJSftjait^. *7i*. y ^fc^v^-KBKIM**; 
y ?*<M*^;|xfc££* iiI!)S*ifc*"7li:5lMc 

[0009] ttfflSi:iot» cty«*ifc*J 

Ab-b^-x-r >^*he — KW^va V£iHiR-r £ - <t £ 

3&<fc^KJS/»<5S^<f^ci:^prffii:-r*. tit, 



[po 1 o] *mwa)^*iz>0>&*itz£Jt* »aia)»B^ 
ti:j:oT, C 0) ct 3 &fitB S « S L fc *l = ^ ^ <f 

S O 

[0 0 1 1 ] 

y^JU 2<Z) — ffJC02ffiBIS'^L"C L^o CGD$IJftfly ^* 

i*xi*«^£<0#£fS£"r&-£ -cfcSc #J*J4\ ±i 
(DAT) f-—zf. =j h^-r 7^ (CD' s) . 

[0012] SUM*. SIWStifcgBI*. ttOW^SSIS 

<D»ai*. *E««i=<f y»s. #j*i4\ TL/t'v3> 

^ > h. b;U^— T" bt'(7)-t V h h^^^'V^ 
-va^y^fA (fiSB^ s vK7. St. «»* * 

<Dfo) . sis. □e- gsomo^ateu^E— h*iw 

;ui 2 lit, c^SaA^iftSMlcttSfu -V— 

[ooi3] $w/<*jh 2fi. *mw* ti^^a^a^ 

S 0 /<^;n 214. y^Vi?f5-K©±AbT« 
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umm^m^t>ft&o sum*. /<*;n 21*. ztim . 

SB/ \0 v > ^<0«Bd I:: t * L J - 
[0014] f^^b>f14fj:, »]«P* tLfc^B-^v 

l*\ t^>a>^-K2 0ll 5SB<0£0>«<iEA^at 

tR^tfCL^coAv &t/y ^<7)}»ft*ai:TB!is*+L«fc 

*^>a>l*. ";J— x-r*. " "%H* " "-f>*- 
" . "SB" . * -^cote. 

I*. «ffl¥*<Slf»/<*JU1 2*aft-r*C^:lzJ:o-CjS 
RtSCtMuSliT-ff^'JX h2 4*-e&4o fll 

1 4 1*. *X hn>t 0 i-^-lC<fcoT^W^tl^ftb<7) 

f^^M 1 4l*fc&#6#SLl*85F56a«!: 
^yH§ fl |^l LEDf-fX^M, LCDf^X 
^X^XTf-fX^b-f, CRT. jft<DS 

T < X^L/-< 1 4(DS®I^S^^tttc^ >— V 

[0 0 15] ft|®jy^2 6l*. ttffl#Jb<i£HL 

I*. ttsbytLT. *«<f»&ofc4,a)lcJ:oT4iSli6 
*4x»-6o -t^xt* I** R«ff2. ^-f-VJU, 

-tC0«13El<$**l-6 o X. y ^2 6 li. -t<7) 

affile *«<f*ftofc«jdcO)*«x.-&ctt-i?#-&o 

^L. ***** :7lctf};&Sf*x&£. **fc 

figORHSSO)-/:^ U*LI*\ ffifflStfSaKfflSl 

*&c*£«i:yssi::-r&- fBKLt=niifiwi=*5t^T. 



mz?&o mmmi*. *?£l<i*. s 72eomm&m 

3 O£fiofcy«4xfcy LT. ttlZmZLl^Rtzti® 

mzfc^xm&zti&o -?)^?)i>s 72 si*, i&nm 

[ooi 6] *$tw<D$ms 72 6i*. &mm\z 
^Lxmmtsmmmm^m\zr^>. coy ^2 6 
1*. *?£l<i*. ®fE^Aic^Lr. isisns: ces) 
-r&BKfci^T. -oxi*^*iia±co^is]i=. &mm\~ 

J;oTMj^SjM5&c£j6<#*LI\, ( M &tt*lpT •£> 
feUl*) CO)«*|fi3<7)Bl*l*. ^EP3 2IC*: 
oT^^T^^), m^lt. ^^2 61*. ^^^Xfc40 
0)iE**|pJi:. 4-^<©*rft*(fi|l=»lA^4x»S, X. fl& 

te. mllBcfc U^*L N XI*^L^fS]l^t!)^^^#^o --3 

T^fi$tlTL^^ 0 fit, ^-^XlCcfc^T. fcS-*|S] 

3 2\zmfr£ti. fix, ffiffl#*<#*»Lfcy. y^ 
**. &&(*-6(ia!c4,e*y»*o 

[0 0 17] CC^y 72 6<0St*IPl<0»#l*. ^ffl^" 

■r^c^r^Ri^^-r^o ^oA^coll^fe^Jr'l*. ^26 
TfC^ >i=»jy stbtiTt^affiAV 72 eicsjy 
^j^i*. ^ffl#i*. ^-r^^u-f 1 4Jkd^— v;u3 4 

-isoummm^) ^^^7^^±<om^Lmmz 

[0 0 1 8] a — VJHr J:Sea*Jlt^— KICAO^-T. 

y -J2 6(?)fil^^coil)*i*. -tz^^-f >yo)(l^b5SJfi* 
iEJSMWr-Sc^j&^ffiTfe^o #l*l*\ s72 6<»2l 

^r^>^*. 7v^g(»jiKafii*a'>*ii-fcy. ai 

U^JU^1S^^"^C<!:^-C*^« y ^2 60)^*10)^0) 
»*l*. I^«I=LT. iI^ii*D^-tt^C^7b<T*^>o <ft 

2 6(7)*fS]3 2 1*. ^^(7);^. $-f7- . ^^^tlfz 

il!iB<0±0)*-VJk ^(7)ith^l0^"r^>c^A<-C*^o 
[0 0 1 9] i&<r>mifalZt$l^X. 8-0<Dj5lQ\<D*tl?tl 
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y. si*ip]ic9iy^T&*ifcy — js^^— ^ 
<Dfej5fa\~mfr£*i&t. y-y-* -rL—cDti'r^ 1 ) — 
A<jg«**u. fit, mi4\ vjufcyx 

y. -^coitiicoz^^-r^fc^ic. isiiK*iK»s« te<o*( 

[0 0 2 0] Sftofc^E— K4i5Hlfe**tf#£o 

&|::I4. fc£tf>&SI* Lo*^j&<ffll*«=>*t»'&o 
Cttftt* (TIB) c fta)Stlifi«l=*5t^T. 

e— ±)— ^-r >x£tnj^£/c#>) 

[OO 2 1] JffliLT. «SM ^2 6li. H£L<I4. $6 

»**tfcy (&i*/xi*5i^*ifcy) * 

TI4. &ffl#l4. -/ ^2 6tf)£$a;5fSj3 2Xl4(E]$E£ffl 
'l*T\ ^-f X^U-f 1 4±<DJl — VJU3 4XI*-f >V<7- 

(7)M£ L^-tz ^^r-f >^XI*ffi«lcKi^S*LTl^i: S 

J Z?2. 6 Sflf C^TfH. Cih.14. "^y^* 

*a> + <D7^3>£S«T£<0£«fc<ftlTl*&. XI4. 



ztic^stt&ys^o fe-tf&b. <$ffl#i4. 

^*>zl^e- Kirfc-g>rair, miry :?£*?Lfcy. y 
[ULfcyU ^LT&lc. <fe<D*- K£iii«T5fctf>lr 
-/^S-StLfcy* TtirM-Tfr i&Lfc^e— K 

14 y ^2 6£WLfcy5i^fcy-r-s»--ticj:or«)y« 

5Lf>*i»*. -/^2 6 0)»Lfcy&t//Xli5l<««E 
14. A'^i^lSiail^oTttcb^tliHc LT. 

[0 0 2 2] ^^2 6 14. ^^L<(4, '>^<^^/^ 

x-X(D-ocD^fi)c^l4. -oc^M^^^-C. 

LtS^i^^o^^-Y 3?x— x^e— K^f'lit 

xa)«3Ei=(4o* y ^c&s-r-s-fc 5 1^^ ?<»&m.&mw 

i\k<D*— KI4. va^v* h;KO/<^a)*'C?ffiM:**L 
5^>^lc^tLT. 8t03&^-r>$ — yx—X^B— KI4, 

-KA^.14. l4o^y^Ltc. ±«<f«ffl#<0«»* 

[0023] M<f-6»iw?H^> (^*+t-r) ^i&omw 

I4\ ^ttl4. y-f-V^U. J~3. H^X^-f hV / \ *y 
14. ftfj^/ ^2 6<t^ir. Mtt6S«&tfHffiaH&£fI 

[0 0 2 4] *«^0)--3fl>SllififfJI4. 

-r^4;a)lcl4J:<*a^=^^rL^^ ^ fc5lc. ^b-^-o^- 
7 x -r x (7) - o X 1 4 * ti U ± (D -J □ -b v - ± "C * ^> - 

^^titz^<t^i^^^<t^ic^]^r^-^ic^icffi 
a<T*£&o f LT, L^L<f*<b, ^^#14. ^JAI4\ 
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-5c ctBSiiSfliJli* «o/p(DiMIR*>lflffil*. FT^f- 
ffll^Tfc-f C^tf. -«Mlcl*J;y§gT*S>£C££S 

[00 2 5] ZC^y ^!Cffl^^tl^-tZ>^— I*. "OCT) 

s*Mfc@w**rr&a fe^^^rnicoffffE (fit, % 
-Kesrr&c** y^<DiimtBffi^. tahia^i 

>tf i— ^— ^^n-b^-y— icgiSf Scfefe-So M 

Ll\<7)T% ««Mte^ — >C07K^>va 
<D RSI <0 Hi I = £> ( i Z> x > n — <D IEK * *>f£ L J © (S * 

Lfccfc^f^. ^hK7^^ >K 

J: L J «*i t=##S6 *»« T * #>l=ffi in t, H 6 - <b: tfT? 

[0 0 2 6] *^y>^*. y>e>^*. 

'J T— «Kk Ryot*)* SI2j^<7)te<0. *iC0i£#*> 

[0 0 2 7] 

Ticfei£^^i^>o Tia^Uffi^jii. ^^0^0ui-^^fi£ 

OA^SHSftJtt. / ?2 6<DXMl*A<0Il!)#G>*>** 

<7)y ^(DHl&i:^3b1i-T*(D7-f — K/< A/ 

[00 2 8] H2fi. flEfflSlCiroTttK^-f— K/<'V 
^£4,#jL&**BJl<0*|ffly ?2 6<D«t360)*t!)a)S«S 
#J5 0<7>. Sifi;*lCj:-6K*iaT*fcSp m<*#J 5 0 liifi 



[0 0 2 9] ^2 6 1*. X-f7f^b-h52, 

7 f 58, 5 ^ K<7 ^ 7f 6 0 £ii CT#i/^>SiE*rpi 

0. tJhA^77f 6 2^b6U, y Zf2 6A<«Ip1*IC 

5 3 12. *<0-SiSl**-< 'V^U— h5 2 Xte<D$s 

r. v-v?h*. y ^ia«fi«i<ftt<7)ift*i^»"r'6#-f 

h 5 2^t)T-/=fl«PIC-&aL. ^LT. y^<^U-h 
5 2lc L^L. y^ 

2±ic»«**ifce6 7 ^^a-rsatD^iHA^ 

9 0° OMIcfcA^f:-O0)JI4:ofca6 5$4 
fit, yV3&<tea)«*lol<oesa[l=»^*^S- 

£ £*Jf&£ Lt^|)o y 3?2 6l=«fcoT««**t£«* 

y^i*. ie»fl<jic«iPi#i=^^-f kl. f Lt, y 

[0 0 3 0] AL^tK— V3 V^^'^Vv-V'— (TF^tl 

>V-V — <t|B]4ilC y ^2 6 3&^TI=#l/fcSE->A'7 
K0«SI=«^.?)*1. fit, y ^^M^Ll>8 0(DfillS] 
*(D*|fi3l=*i*?)-r«>* < <0;S*W L. lsIfK«il= + 'DA<fc 

ffli°Q. 26. 52. 56. 58. 60. 62 li. 

-^*ffl^=b*tLfcy?8«**tfcyrs, -tz>^- 

-9— 1±. 9 0 4 SILT h77"X7^^- 5 6(7)Jii20)ifi 



(8) 



ftffl 2001-1 09558 



-y^tf) — OXI*" Ol*y ^<7)gl»l=*5L^TBBi: 4> 

[003 1 ] K^-f ^^'J — 6 6 1*. K 6 8 (Cj:o 

T/K hA^'V^6 2|::t£JS$*lTl*£« fit, 
-f^'J— I*, i^li'DC^E-^-, A— tf>y{85ffi 

Bigg. 7fC>rx=i^;u. /^r>^u-+, teOSWtt 
v T7 KirM^^^b^ti^o S£It)^g7 01*. ^(Dcfc5lc 

6) o fit, K^-f^^'J — 6 61*. TtfhA^-V^ 

721*. K7-f^'J-6 6 S*U ^LT. 

K^-f^^'J — 6 6 £&|zEIBSI::[5]R-r6« :n>=i — ^ 

t^W^)^<l:i:«):oT, v ^7 □ :7n-tz ^tl— XI* 

— 5te4z 7 4fl5rtftJ"e(Hie* 

i+^tt^^:^ v^t/uT^^o 7tfhA^-X7 6li, IE 

£A<T£. f ^.T?lt ?H hA^r- X7 6 I*. ffe<0ffl5S0> 
[0 0 3 2] y ^2 6f*. fl»*.l*y 

I*. l^y?2 63&<^U-h5 2l:SLtff*Hfc^$ 
0)*]&<13J&-^X.e)*tTl^feL^#. y^^ M Jt" 0>fiK 

[0 0 3 3] ««5 OCDtt<&fUj£l4. y^2 6lcHilL 
^•f:7feill*. y ^(0[Hie*i8»IL. x>a-$f— <0# 

K*gSi8ira*i±-g><oi=!eiio a #i*i*\ y ^2 eons] 

IeI*. Tt^-f — ;U7 2 <D»IsHe 

ffe<7)llJfc#]l::^Tm^*l&o #J;U*\ 

[0 0 3 4] O0)ftfea)fifa<fjSl*. Bl**— ^ 

SB. K^-f ^eil(7)l«ffifl)fctf)fl)3ftfi*tLfcxi/=i — 



££ig*£i±£TAy. f LT, 1ft < M(D £ y £ 
I*. IBSt Ltg^i:c);W^^/v^7 7va^i 
lS6TA/T*&£o -<0§tSte#JI*. te<0iet6Mi:L 

T C c ici BS£ * tit- 7 * v T;U A— t: ^ y^E — $ - v 

[0 0 3 5] i&<DWfr l )<Dmmm-t5^X\3:. 

IMiU4\ E«M&Xl*@eMttffi»«iEI*, 
^^^fS](cfeit^>[o]iEgSJ^. -oxi*l^^co^rs] (y 

^(BRA/^ttBlwGl^oT. RISK Aj<P (DttLW.fr h>M 

i*\ -oxi*^*iia±(o«siB»ssaxi*vuy -f k 

I*. CtLP><©X»*|fiJ( = *5l+***tl«-r-6fcttI = fflL^ 

T. y :?2 6(&3ll*fcy;Rtf/XI*irr»*l** IEtb$ 

ti^o Mill*. va^hM mmm<; ztzwr^t 

|Cj:oTttAlCitto-C0)iSae*l£l=*5L^Ty 3? I -24 L 
Ttb*£*L'g>o X. /**ffl6 4(CcfcoTffitt**L*>/** 

[0 0 3 6] B3alt y 3? 2 6 IC**^ S««<DSS=<0 

-f^-^-*S»LTL^. CCDlSftl*, HJ2(D^|]te 
0ij5 0<tl*S^f L J . fe^^^^^^C7)gfi 0 D a l*^LT^^» 

RSS-«ty»< C^A^SSo L^L<f6<t». CHI*. 

IU2(Dll^Jlca:-<T. HJU^CDiii^iS. 

fc h;u^cDtti^)i*. Ki^^Koaaa)SL^att3&<. 

too37] «ffl*ic«t ot«*i b*ii> y ^ 2 6 li, y 
^^»J-8 2irE»ffl^t5-a-t,4x. ^L-cy^^y — 

-6« -fe h^-f ^^8 81*. S ZfZf*J — 8 2^-^ 
-8 4 <h<DPs1lctg£t £;h£X>T -jfJ^>rv K9 O04 3 
iCtSffiSH-So CMb^hX^f7f 8 814, L^y? 

J:5I=. i^ffl#/)<y U ^LTy ^^[H]$El4ir;ti 

oTESWlcy ^*B^Lfct^(c 7"'J-82lc*o 
riseE**L-&« -tz hx-r ^^co-oo^ji*. iU7co 

#BS0>T«fc y !*^lc^Tt6£ti£*i<£>o y ^O$4^fS]0 
/\^<7) + 'O^0^)l*. ^^L<l*-izU^ hX-T 8 

[00 3 8] X>n-y-K7-(^h9 2l4, y^ 
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4 1*. fStfe£*Lfcx>zi > hftWJK (pcb) 

— 96£Df<f^- ilS £tf>fe1 
tSfit^o h77^7^y-9 81*. Sg«)3£S8 4C0 
^(*C0/H L J I^^S^F i± ^>^L. TffJjlcfSLT^— M 0 0 
£{l*_£o f LT, y— h 1 0 0 1*. 1 0 

2|Cffl*»£-;b£j|x6o >f— h 1 O 0 ^7>VV- 1 O 
2 1*. 0 3 *#P.SLOOfeai**lTL^o 3^>v-V- 
1 O 2f*. #£L< I*. 7f-C V 1±*T — ^ i o 4(0Ban«Jic 

*si*t. /<*ffiS£j&wtt>*u fit, 7tc^>x^>ry 

— 1 0 61*. 7^ hl\*T — 7s 1 O 4<t h*;^7^?-9 

^-9 8 1*. y ^2 6^«E»SiS8 4i:A^lZ8 0<7) 
<y :?<B(E]|Etai=Si£) lc»A*£4x3«fc5i::* 5 

0 1 $f— a>»S<©+&tf7t? 1 040) 

1 o 3l*^(7)|6^rS]<Dtt)^^"5J^^ L. 
I*. h < t+-l*3tlHl*lfi]<©Bl#^Rjffi-efe-5- ^ 

^>v* — 1 0 2£y— h 1 0 OtOteSfEffll*. Tlcf* 

[0039] — 10 2ty- H 1 0 01*. IS 

2(OH3^0lj5 OlCfclf^y— ht^Vv* — <kl*Stt 

■efii*tifc?7>v^-i 0 5i*. swir^y*** 

L^StJfi«l3*5L^T. y— b<DtpVtzt£-*Dtf % *"-f KB 

w<o/=*)a>3f*^. ft!ic7)y-hi*. i£t£t>t\ mAj 

t£. R«Ic^fte>*t/=Ti2!S*LTL^6. 
[0040] h7^~7108ll y^2 6(DTlC 

hA^-X 1 O 4(c$l^^^»^tt5 ^>o W£L 
L^fifctflJlCfcOT. h'^77^y-9 8 I*. JS#ii5fc 
SPS 1 O 9CD*.l^®£{i*_£o ^-Tl*. Al^®!* 

&Tt&tztb\z. h ^-X 1 0 8 0)Tffii:8«l L t 
[004 1 ] > -f ><7) P C B7^-tz>^'J — 1 1 01*. 

0&§*>. *&tss oic^tLTife;^^^i:^^p D H ^^f#^- 
i*. /hSfc»tt<D*H»3£Si i 2<Df&£t&a %\m%k& 

1 1 21*. m&ZtltzPCBT t®ft£t> 



«fS]£a>*ia)i;:i!)< icotu M&PSai i 2<d*$#£P 
I*. *H5Lfc*lPll=t!i#. *H»SS1 1 2c^^^-fe>^ 
-l*c<7)I})££^*ar6o 1te(0SU6fi»Ilcfc^T. 

*l*\ 5fetf-A-b>t>— . ItttX-Y ^XI*-t>+>— . 

[0 0 4 2] 3gjfi«lj8 OWffifSfejSf*. fSL^J8!S*$ 

-;U9 4C0^t[El$El3fcfc^. X>=1 — $f— t&fCffll^ib 

^x^^;i, h K^-f (^h9 2&m7L.Z>) lz£& 

L\ 0 f LT, ^tll*. m-V^teCDfty mX0)7 — AUX h 

=3 > v— ;k£>£ 51=. ±ip/fcoRSt)tifc(iilfcfcL\Ti*^ 

y. ^si*. ^— ^— ^^/t^^e-^— -t&tzMz. £ 

[O043] H3bl*. 03a COHfi60)JCOy— h 1 0 0 
^7>VV-1 0 2£f£l>Tl^ e y— h 1 0 01*. 

*^»w«iri£(f e>*tfc*»<©j»i 2 0<b^(t^^o y 

— S 1 O Ol*. ^7^'>-1 0 2C05 i; V^1 2 4^ 

;g(7)-0^|*;gc7)r a ia)-trV'Si— ^J^^l 1 2(0^13 

I^LiA^^^o ;^1 20 i*. y -J z e<r>ffij5fa^ <Dl$m 

T. L8 0(D^fS])b<^^^^>(7)-efctlf*\ H^^^>^ 

1 0 2 1*. W^L<I*. «lC^>y-V— 1 0 2ty- 
h;f|1 2 Ot(DP B 1(D»*LL^*ttS»«L. Xy— KO) 

[0 0 4 4] IlC^Lvt, ttfflt3!)V?2 6S«*|fi] 

|clt)^L/i<t^. y-KIOOl*. y ^2 6^|EKiSiS 
8 4<t^lrift< 0 |^btlf:^7>vt-1 0 2 I*. ;S 
1 2 OCO^T-y— h 1 0 Olzmfr£t>£H* ^7>Vt 

— 1 0 2 #8 ocOig 1 2 0(0 5 OCS^I) J; 5 
ic. h i o o^i!)^^^x^)J; 5\zt>£hU7l&o -CO 
cfc 5 LT. y— hi*. So^H^JK^ftO^cD-o 
0)*|pI^i:»^**l»S, f LT, ^(ci*. y^2 6 

IC. ^ti^C7)8O(0fil^lfi]t7)4'T-(^^|S]lCift^^^x^ 
[004 5] 8 0 COitbCO^ra 130ll I3c 



(10) M200 1 - 1 0 9 5 5 8 



I*. KSl^S 1 3 20) K^-f hKEJfffl** ^ *> 

^H^o h'v^7-f^-i 3 4 <t7t; hAx^-r 1 
£ 0 f lt, *c-eii. ^-f y-^7/<-fv-i 3 

8 I*. T/<— ^V — *iii:T#l/§7K^ K 1 3 9 <hP*jil 
LT. 7b<7^-f K"f <S>-£*pJSfc<t^"&« 

— JUtf* > 1 4 0 1*. 13 a&T/3 b t ICtf * *l & f— 
V&tf~J^ >V-V — £1*1**1::. ✓ ;?<BI8#£. M£ LI* 
«*|S]ir*I*tj-r-6fc*)U. 7|<X h 1 4 1 + 

^ ni3 a tmmmtmm^* i§iett<0+'t>*^K*iT 

[0 0 4 6] X>=1 — y— -x>f *^7 14 211 

x>=i — y— 0)»»<D& , K ./:*0&B. T 

H 7 _^^7/^-f ^-fl)j(Lv\*> Kit "7/*— x-v 
-tV-^7(7)^^^Dt^fc^iH — £x-fx 

3b^o>i»a3**tfctf— Aicfcit-saeib^tttt-rs- fly*. 

+Fc7)ff2£LtcteLUj£*t-£3fc^vt>-— SfifttS. L 

[0 0 4 7] H)4l*. B3lcS8Jfi«8 0X1*0 3 c<7)* 

c7)(?j^^-r, isi£d]-efc<5o c<ott:Kv #J*-i*. 

£ 0 H2lc^S*i-5*(*«!ll*. HH7£tg«-r& 
Lrf^L. ^hK7-<^eiO)fc*)l- HJSM8 0 

[0048] B4bll HI 3 a ©SUEffJ 8 O 3 c 



3 01*. HflStWS OUtt^T. ^TAMCcfctJ^^^COM 
^f^t^o L^L. U4 bic^^tt^>^5ic. fcit£ 

[004 9] 

I*. ^E — £ — v -V 3? hO@llE*liI=J9-3"ClbA^4x»Sv 

toy K^-V tf-r-f— ^^gUCDX^ 

IsHK<7)*S&lS-r-i: ^^JBfe<t L ^— y — v 

^-&jj<D\ftJl<D*)7 'jXASra^4-frSc *^ L JIC 
-Wt-^A^Sfc, LJb*Lfc*<&. ^E— ^— I*. 

[0 0 5 0] '&&&ffi<D=E — $ — 2 0 OCDMlt. HI 5 (7) 
A<^£*l,Tfc L J. ^m*. ^E — ^ — C7)01{^<t (Hill Lfznf 

u>y— jf^tt-e, ^e— ^— co^^^ic^-r^-^TK— 

2 0 21*. B«t(Z)rta-Cffl^*>*tl^)— Ofl)»5 2 0 

(Cffi«*=K-&o ^2 0 411 ^^fi<)lC|*. Kl*<B + 'fc 
gflir^LX. P^TafSllc^L. SLMrSftofc««S*-r 

5(0ffiffiSI*rtfflJ*fil<« [hIIe^COv-V^ h 2 0 6 1*. 
B(*2 0 2IZls]|EPjfig| = ffl^*j**L. ^^llC^oT. 
[H$E^I*^ AC^lEl Lj TTlHliE^^^^^X $ ^>o 

t;-i^7 'J >^<|:5^^ , r»^2 0 81*. v*? 
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[0 0 5 1 ] -J=? vS^E — ^-diB^Tf*. V^7h2 
0 6 I*. v*T7 h 2 0 6<D@yi::R1Sttl={afi£Hfc. 

* (^BS^n'-a 1 2tffl^S*5ti-bti. fit, =i 

fflJiU** ^r>2 1 6 I*. «J£XI*ffi'<*2 1 8[C<£o 

[0052] c(o»Ht?a«*wrs4iwi^»LTi*. 

-fjUS:iai:i)«aa)*|fi3lc < fcoT*ffi*4x**lolT. K 
0 + ye[s)&$" -So Vt7h20 

[0 0 5 3] HI 6 I*. **BJJ0)^ — 2 3 0(Dft|CD«t 
(M*«£#oTtftt**i5 El 5f=. D 

?7-f7>^^-^-2 3 0<DI*9fflM::KI1-£*X&« 
[005 4] BSM-^-tWt, ^-^"230 
I*. (11*2 3 2 £{85 2 3 4 £ £#A/*£BS3t?-£li*. 

X24 2<t. Zl-f ;U££#A/-ei*£o f-f-^242 
I*, fit* 2 3 2<0*lC5F<T(=ttBffit>3K4*V XI*. $8 

t£ IS M <7) 4> T *P A t) *t . IsieT-A^ed-ti-^^fc^* 
ffiffl#l::£»*J|'l<&« ^t^J: 5fc^*<^;Ktc[^$E^C0 
U. S. nj^hNo. 6. 0 50. 7 1 8IC 

[00 5 5] ^e-^-2 3 011 [eHe^M**^***- 
fcfisia^/^— 2 4 4 t. Bffi-7-i«B^S*)**t. :?5:> 

2 4 8£/<*B*2 5 OiSi^^vaz-; h 2 4 

[0 0 5 6] Isie^©***^ *#£B£C0[l$E<OE$E&iB 
(Cj9oTB3&^*tl»-5, fit. v^7h2 3 6^l4B 

able. g&i»^g<7)^D a D<7)2go*>M*. m&it£ti&* S5S 

^/\— 2 4 4/^7V^-'> h24 6iftd<0^7V2 

3 8 b£(OH<&raiSil*. [HllE^f^ifi^^Hj^i^-^/c^) 



ftCOfciKDMC:^) . S3S^/<— 2 4 41*. -r^TOD 
(sHE^fiiairfcL^T. ^T>2 4 8<!:i;^/\-2 4 
4i:(0H<0«»5W^IS«S«!I-r-5fctf>!c. H^^^l 
£<, t,L, *£&^5v7b<ffll^*L<i><t, ^r>248 

[0 0 5 7] 5E : 52 3 4^X. 06lC5F$4x5cfc 51 = 31 

g*tL»-5o 0>Jk.i*\ [EilE^cDl6^rS]cotb^oou>vic 

fcl^T. ^T^ft^T. «S 2 3 4 <7)5&i£ 

-So ^7V2 3 8I1 *?£L<(*. 

[O0 5 8] *U -/ ^v-V^ h2 3 6<tl£tSffl^ 
*5-ti-P>*L-5i:. 0$E^(DfA;£fS]<Dl!)£l*. -/ 

^C^^^Jtfe^r^o MIC h;U^7li, V-V7K2 3 6 

[0 0 5 9] ffeCOll^JI*. v J r7h23 6/)^ ^E— ^ 
— 2 3 0(Dte<7>^<tr*1iiL-t. (tt*|nllcl!|< ;z<t/><Pl 
te£ft6«fc5fcte<BjStt*««L»*^ fi»J*Ji\ v^3? 

h2 36lt ^—$—<r>®$z : =j-tm&l-£<DWJ5lzMM 
LTtt*|fil!:8B*n»^ fit, y^0>KXI** 

T. yt7h2 3 6lt »a^2 4O0) + ^i:aft*3|l 

6*><. ffi«^-l=«fcoTlHllE*-fre»*tS < fc^|C. -^-COS 

I*. i^IW7/<-f v-<!:i^?-^^^^o 
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[0 0 6 0] 0 7 1*. ^-^-2 3 0^ ^ — l = *fl 
*lfcy ^26i £fi|pL£=ga2 6 O^SWffiE) 
T*fc<g><, 0IJ5U*\ 03 a<7)^fi£#j8 Of*. gEaSB2 3 
OXI*0 2CD^]&£0l|5 O £#|::ffll*b*L»£o ^ — ^~ 
2 3 0 C7)|^^fp]COiil^COt±j^3 V -V7 h 2 3 6li, /^2 
6 ££Blcgtf^lte>*i"Cl*<&c fit, ^tLlCcfco 
X. y:?2 6l*. i/*7 h 2 3 6A<[EliE*-t± i 3*lfci: 
0$E^1±^>tl^o y^2 6l*. X. ttBlCitf o.Tt 

[0 06 1 ] 2 6 O *X % L < I*. ESttl::** 

l^T. y ^2 6 0)'J?6< — O^teH"*?. Sftl-rSfc 

I*. -tr>+f— I*. y^26C^LT^-^-230(7)5 

?M*. vV7h236A<, X-f ^^*Tlc»LTIf/=t 

g«fSI»*:l-JV ^2 6 £»LTIf/cC 

l*\ *-fe>-9— * Ifiiz^-, f±*-tr>-*-. i&<DM 

[0 0 6 2] fft(D3IJ6fiyiC*5L^T. X-Y ^5H*. I^^2 

4 1*. *^^2 6 2£H«*:*<. ^-2 3 0(^)1 
^(^^SSST/y ^2 6(DT{PJ]l~{£il£*U#£o 

1-^2 6 611 74 V^Zmt&t'M^'t 6 
4£}gfi4-f£o 7Jl,f ^l/X-f7f 262Sl/264t 

— t — 2 3 oco_ta®t^tiS^^^#^>o ffefl)SMfi«yicj3 

l^T. *-f 'V^l*. (MiLli*^ -;/^2 6 5<0«fc5l::te<B 

[0 0 6 3] »^*>VD§lffi«0>*H*"C\ $a;£fS]<£> y ^ 
(Xliv^7M <7)teBI*. 5iaWft^>vXI*7^-D 

S±(&«ifiiBl** ft. =3>ei-^-/»<ftytiiLfc»ft 
«M 2 1** fit. mU-otzXO) 



[0 0 6 4] CCT*BJJ£*M::$ftfcllffi0l|l*. ©Ie/^ 

^i*. *«B^a>»»r*SEi!iaav^^ K-tffl^^^* 

=M#£o #Jx-f*\ va^fr^. Xf7'J>^ 

[0 0 6 5] ^(D^te^Jl^fc^T. 42>"9— I*. ^^2 
6a><£B<Z)ffiSl*>* fl&BirigSWir^ofcy ^2 6<D« 

-juSbSX'T y^i*. y :7(D±*\ t*tfe**tfc«tSicBa 

iiLfcv^^ k 2 3 6cofia^j3E-ri)fc*)<ofl»y wit 
*;hfcfflsi::»tt2*L»i>. xi*. (7* h 

^-f3i— K(D<fc . te<£>£!<7)-tz:>-*— I*. vV7h 

2.3 6&t//xi*y ^2 60){aa*tt*aLi#s o 
5ft3tHfi«"Ci*. ti&Bizjtfofcy :/a>i£Bi** a — v;u 
*IWS*Lt=8a<»-tr^ J f-f 

[0066] /^asa»*. ffiffl#3b<y ^€>+^**s- 
iayi»i*fc££. ^^co^i^i^y ^^M^ y . -/ ?t><7t<D 

[0 0 6 7] 081*. j ^<nwfifa<n^ttffct^-%> 
*§£w<d, j -j<< ^x-^s$ai=wr-6««<»* 

4'ofcIWJ2 7 O^li&H^^to P:l*#ij2 7 01*. 
"Rl^t-r^o y^2 6l*. ±U(D^5i^. 3>t'a-^ 

— sa-^^ssao^p v h/<*;uc(aa**t»5o s 
^i*. w^l<i*. «ffl*3W>?-3sai=A**««-r* 

^l>t. y ^2 6i*. ±mmfomi~&iiz>&5iz* 
i*\ y^r-vju. ^(Dte^^co^y vJo&oU* tea>*i 

[0 06 8] y^26l*. m-V-V^ h2 7 4lC^[g|C 

gitvt7 h 2 7 4 ir5*BICtt^'^*4xfc^fT2 7 6 
^LtL>^o Tb^yic. 472 7 611 y ^2 6 0) (el 
y \z$Lm$SLh>ixhfr* XI*iS}f*l^^^^^^>o ccoj; 
5ICLT. fflffi#A<y 3f2 6Slsl*E*-&fci:*. is* 7 
K 2 7 4 k*c7 2 7 6 4,X(h1$e^1± ^tl^>o Vt7h2 
7 4 1*. *7 2 7 6(0ttfl)a^f)ff^ feC+U^'V^'J 
>^2 8 OXI*»£Wfc'**<0-MT*. S*HI = ffl^o+3 

h 2 7 8 tiSHlcffl^S*)-e:btlTl^ 0 
[0 0 6 9] /\*2 8 0 1*. Vt7h 2 7 4 *)<. Vt7 

i&tT& (/<^/>^ s±i^i*WLJi**L/=y . o)r***i 
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t 7h27 4. +"7 2 7 611 Z«lc;tf oT»» S b 

g ^60 31 f * 5t * <£> > < * COte it *> N ^> St *^ - 2 ** ' - '° ° x 
Mj^£*lfc:££* y^2 6T'C0. /<*|C<fc&(iofcgy 

*2 8 Oir<fcoTpI«g<fc£*ifc* ttzir^LTSEttfe 
3fO)M*SI«it^-^fctf)U. y:?2 6G)i£<i= 
(fiij^iiy ^<7)=&a^<7)v^7 h 2 7 4IC) tUft^tL 

•>V7h27 4*m ttSMfcffitH 

[0 0 7 0] x^'J 2 8 04.X. iHieMft*^ v-v 
7h2 7 8iv^7h27 4t<?) ( £ C tf> <fe 5 1^ J 7 2 
6^7276) Pb1t»M*1*-£*i&-££"^SE£"*". 
£<, ^.^ij>^2 8 0!l #*L<H HJl^fSllC^^ 

or, i^ii)^^2 8 2 (T"ea^t>tt*) ir^&v-v? 

h 2 7 8C0[U$eI*. iiAO<0iffiI/'\r>3 >^-f 7 IsT^U 

au. v^7h2 7 8il ^Jhyic. y ^fa^ftooifc 
SSI, SM^u— *#£**<&if £*t&« 

[0 0 7 1 ] te<7>iifife«"]IC*5L^-r . C-<D«tSM>ftWK*5 

i>riicfc < tobixri^^ (hHkB^v^^ h 2 7 8 

*nt> v-V 7 h 2 7 4^fe;b£- £ £^lB£<t~f £^ 
^LfcltW^t^. yt7h2 7 4tv^7h 
2 7 8 ^OPalOMfeajav^'J >y*<fflt^3h-»So 

i:LtftfflL. X^7h2 7 8^727 6i!:yt7 
h 2 7 4(CB9iiLT, ^£Ll>S§B&£I!)< C £ 7b< pJf& 
(Ztt^spfT) £fcy»*. #J 



[0 0 7 2] ^>-V^ h 2 7 8f*. tgtfe£*lfcffi»3£B2 
8 2|c5i0|Cffi^^*3l+t>*U f*U*. Vt7h278 

■ri-^^PTtttt-fc^l^ t8<*S*l*« |Ett)^g2 8 2 

ii^cio^t, a>t c zL~^-^lH^ti^>o i£Bg 

[0 0 7 3] i>3-5f-*7 2 9 0li, tfife£*tfc^ 
®IC EHEPltel^M^fe-fr'bH. 2 7 6 (D|J£l~{i 
M£*l6o X>=3 — y— *7 2 9 OH *72 7 6(0i 

72 7 6<oisi*E»fti*. »A<ojay"e. x>3— * 

7 2 9 0C0[El$EC0/^Si:^^)o m.-?frO)M1fc®\lztil^ 
X. i&OBm&Witf. yt7F27 4^bVV7F29 
2(C[Hl$E^^^^"'&fc^lCfflL>b^a^#^)o #J*-d 

^ ^ 3& < jgjg <d tp co - o (D m * ^ SC & £ pJ sfe t ^ ^ ^fc 

^#^o 3&^yi=. ^hK7^^I^t^ti, 
TMi, I>3-?-^*7 2 9 0(03&^y ichSft^y — 
+"7 2 7 e<DWfr> L ) <D**<f^U — ^f>^LBt*tfc 
^ ^ji/hll ^-tt^iD^'J— OPbTcIS 

y— irB8aLfc*#&^y— <©SE»*^ ^ K^-r ^ 

[0074] x>=i — v-v K 2 9 21*. 

Kirx>=3 — +7 2 9 Olr^a^^^FtL. 

i>a-y-*7sai:t#t;i>o t>t-2 9 3ii 

+*7 2 9 0(OlEie»ft*«*DL. f Lt+7276^/ 
72 6t<J>miL (^7 2 7 6 0)(H)eH ^ffl#^l//3?: 
l*lEtt)g^2 8 2|CJ:^) ^^^n-r^tr^lC, X>=J- 
y-*7t8^Wbil4, -tz>+h- 2 9 31*. +"7 
2 9 Of Lt; :?2 6<DHiSLfc»#5FT"7-f £Q*IW 

93tta-K?fW-^29 4St^ ftlll V'^^h 
2 9 2 1 3*111^11^*31* 5>*L. fit, *7290i 
^ilL-C[E3$E-r^)o -iz>-tf— 2 9 31*. 

^/ 7 ^_ (7) ^TlTSii£ 3 a2 9 6^4j^^. f 
LT, *HLTaiS2 9 6<D'PU< tij — OCOX = — 

9 4(D3S/)<[El$nt"^cfc^l=. fiS^I+b*l*, tW— 

I*, ^P7hi:7-^>^^S^ -t*t(*. 

— /^r>f "rOV — i&m-thkZ* «*a$*i*#&« -CO 



-g>#ic»LTi*«fc <*flt>^TL^o' ^vH^Li^mmm 
— ;uxi*v-v? h<D»££«*nT;&c £ 

[0 0 7 5] J Jtim»Zl£Z>*ltzk2. 472 7 6^ 

72 7 61*. Z$lfe|r;£oTfgife24x£x>=3 
_^-^7 2 9 0S§aaitX7-f KtS. CCD*1<^ 

^TlCl*) o C*ll*. -tz>"9— 2 9 3A<. y ^2 6^: 8851 

[0 0 7 6] £F£L<i*. &ffl#i*. *waai= 

[C. Elb36|S2 8 2I=»LT-/ ^2 6*»-T-i:*^* 

*5l*t\ «IJ^.Ii3>^^ h 2 9 7<7)£5fc:m^*1' 
7b*. J 6X1^*7 2 7 6(0eSSl=»«**tS o m*. 
I*. h29 7fl <7^0> Kl-ffl^^ft-frfc+i 

T&V. fit, /^2 6^>^^K2 9 7<!:i^ 

I*. □ >^ {7 hi ^SSat^fc^i: / ? 2 6 Sff L. 

[0 0 7 7] ftb(0SJSMl=*5t^ tta>S!<D-fe 

— I*. ^-f "r<7$— * h "J ^^(=<fcoT«*D*tLStf— 
2 7 4) <D*5S*>*V > h<D»«<ffiiaS«l*0-f Sfctf) 

[007 8] 1U9I*. *5^jj<7)y ^i::«fc^T#IWS*L'5 

y^rAli, nT>ht>/N-5. 7 3 4. 3 7 3Csl 
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[0 0 7 9] — OOUffifl&lKfcl^T. »HJP**LfcSK 

l*. n-^j^-f ^□7 > niz7^-3 0 2, a — *;u^ 

□ 7/7304, □ — *;u>^r'J — 3 0 6. -fev-tf- — T> 

^-7i-X3 08, ffiM5£a-f ^"7i-X310 

[008 0] p — *;i7-f ^ □ 7? n p-tz 3 0 2(*. 
3g(Ilc*JLT "P — £%*-£>*LT& L J . - 
f*. *'P — I*. 3>hP-U>^h3>tfa 

— <TK#BI) ^GD^k. fa)ftfl)7^i?P? 
p-fe^U— ^^StHfe^-f £ p ^p-tz 

■fe^-3 0 2S$LTl^ X. y ?2 6 I Sir 

P-t?^t-3 0 2^$LTL^o *07-f-K/<7^0 
St*6«lc*5l^T, v^^P^P-tr^-ti— 3 o 2 1*. -tz> 

□ — *;u^P-b^-9— 3 0 2 £ LTffll^fl^MLTEF 
il^v-T^P^P-tr^-9— I*. 0>]*.l*. 

9 3 0 AX. hP-7"<?)MC6 8 HC7 1 1 E9. 

^D^V^COP I C 1 6C7 4 £0 ^7-T^P 

^P-fe *VtJ— 3 0 2l*. — 0(7)V^ {7 P 3^P-t2 ^ 

«a<7>^p-tz-v-9— . xiz/xtt^^p-b^-y— 

Ti>$ ^m^yn-bvy-- (DSP) £ 
X. 42/<l>— KSIWSSai*. iSS. iffliSK. 

i*£*i£<, ^GOte. i^^^fv^;i,Pv7^W/ 

[008 1] P — *;U^ 0 4 I*. #J*-I*\ Rift 

— 3 0 2 £ffl^£:b1*:t>3|x»£o- RAMS(//XI*RO 
M(D<fc5<fP — ^'J — 3 0 61*. ief^L<l*. V 
-f^P^P-b*Vlf-3 0 ^(7)^—^ 

^^^^^A^l^. ^P^P-trytf— 3 0 2|C«^ 
^>^tL^c -x>f x^u-f 1 41*. «o*^(0SIJi6«i|(=fcl^ 

Tx n _ ^ P ^P-iZ'Vtt"— 3 0 2 ^r^fi^^^^ 

$iimi^^i*. -x-f ^^u-r 1 4ic»-rsai*s*i»LS 

[008 2] f>^-7i-X3 08lt -tr> 

-y— -(1-^-^. v^^P^P-b-V-y— 3 0 2|Zj:oTfB9? 
* 3|x»-g>«-^lcR!ftr & C 1 3E»<T? # -& J: 5 . SHIRMlc 

si*. x>=i— ttir^^rv^inzv-y— swaps' 

*><T££o T^-P^-rv^^P ^— (ADC) 4, 

i*. ^^co^ ^^-yx-^K^^ffl^^fc leu 
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1 0I4. a<Dig«SS. *-f -z/^ -rv$JU7 

^□y*iif»gB (dacs) . *(7>ffe<BSPB£**M# 
ffljxiiH»ssaortMi=»«3F*t^o «S3 1 214. a 

^-W<f**SetL.. XI42)l4i&I&3gEg3 1 6&U^<7Mtii 

[0 0 8 3] v7fA©y ^J— 2>JU£1WI4. ±fB<£>*i 
|- s y ^2 6C0[El$EC0i!)^. y ^2 6C05!lfe^fS]C0iA 

£ % y ^2 6(D»-rRt//XI±5KB** 

**»&o -tz>-9— 3 1 4I4. eSJSa>-oxl*-5-*LKi.± 
diaofc/ ^2 6<B<&:B. M*;&tf/Xl4te<Z>*#tt*« 
*QL. fit, -E-tL^roiKHt^^S-r^Wa*^*:** 
-^^^a^a-tz vV— 3 o 2 * 
SStfHCli. -fe>*9— 3 1411 y ^2 6A% v otl^^ 

=3>/\-^> K-tz>1t- 14. H»(DSSfii:»Ltffll^ 

[0 0 8 4] K/<v^£«*&fcft£G>S*S 
fMKfcl^T. fE»)£a3 i 614. v-f ^n^a-b^-y— 
3 o 2AMft<D«^P$^;/^XI43SB. "W* 

i^t. -/ •j\zx£mm~f&o 1 6i4. a^w 

icMB**ifc**««u ^*u4. v-r^p^p-tr^th 

— 3 0 2XI4ftM>B^-fiBI4. ~h(DT ~3 *) *r v a V £ 
H«rr*- HS3WI::H 

±a)K»isa3 1 6i4. *<7)^-f — K>^^^affi*fli^ 
tt*isj(D«i*aT//xi4y ^co^-rxi4?i < 5 

3£8 3 1 6I4. (H*-I4\ DC^- 

Bssatftys-So siftMftffiMSsatxfflL^ix. a 



[0 0 8 5] «tS3 1 8 14. -tr>"9— 3 1 4ir«fcoTBc 

K/\^£iiS^£l^#Ji-&L x *ti4. a 

£gEU)=gil3 1 6/)^/ ^2 6lweitt'Sfctf)lC. ffll* 
£>*l£o ^ffi3 1 8£>tfl]l4. ±lC7F^tl-CL>^>o X. ^ 
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